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TO HIS EXCELLENCY, 
A. W. McINTIRE, 
GOVERNOR: 


As required by law, I herewith transmit for your 
consideration my annual report as Secretary of The State 
Board of Agriculture, together with it being the report of - 
the President of the State Agricultural College. 


Respectfully submitted, 
D. W. WORKING. 


The State Agricultural College, 
Fort Collins, Colorado, 
December 14, 1896. 


REPORT OF THE SECRETARY. 


The financial statement hereto appended shows in 
detail the receipts and expenditures of the State Agricul- 
tural College for the fiscal year ended November 30, 1896. — 
It is believed that the statement needs no explanation. 
It may, however, be worth remarking that the receipts 
credited to the Land income Fund, the Special Fund, 
and the Annie Jones Library Fund are not receipts from 
the State; also that the State contributed to College sup- 
port and improvement during the year only the amounts 
credited to the Tax Fund and the Improvement Fund, 
that is, $438,151.21, and that this last sum should be 
further reduced by the amount of Tax Fund certificates 
outstanding at the end of the fiscal year. 

During the year the College has prospered. While 
it is true that an increased attendance is the principal 
outward sign of this prosperity, it is also true that those 
most deeply interested in the results of the work of the 
College, as well as most faithful and effective in their 
efforts to make that work what it should be, earnestly 
desire that thoroughness and soundness of scholarship, 
which are more to be sought after than numbers, may 
always be the principal thing the College shall delight 
to promote and the State be proud to commend and sub- 
stantially encourage. The elaborate report of the Presi- 
dent of the College makes it unnecessary here to dwell 
upon matters discussed in that report, to which the reader 
is referred for full information. 

In previous reports I have made and reiterated sug- 
gestions for legislation concerning the Board of Agricul- 
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ture and its officers. These suggestions availed nothing. 
No recommendations will be made at this time. If op- 
portuity is offered, I shall gladly appear before any inter- 
ested legislative committee to furnish information con- 
cerning the work and needs of the Board and College 
or to make suggestions for legislation in their interest. 
_ The financial statement which follows was approved 
by the Finance Committee of The State Board of Agricul- 
ture, and on recommendation of the Committee was 
adopted by the Board. 

D. W. WORKING. 
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APPENDIX I. 


SECRETARY’S STATEMENT OF RECEIPTS FROM ALL SOURCES 
AND DISBURSEMENTS FOR ALL PURPOSES DURING THE 
FISCAL YEAR BEGUN DECEMBER 1, 189%, AND ENDED NO- 
VEMBER 30, 1896. 


STATE FUNDS. 


Receipts - 

Dae MUNG. i. cajsie dveisie vecelste le eeitseisaiscieiae $ 31,163.80 

Tax Fund certificates outstanding.. 1,988.41 $ 38,152.21 

WANG eLNCOMe? HW. nnatvtdeetdieet eters 5,416.63 

SPCCla le MUM ej eciec ee sereneitarsestenelen 1,957.85 

Annie Jones Library Fund............ 2,692.90 

Improvement BUG. oe... sees cecnese 9,999.00 $ 58,218.59 
Disbursements : 

Certificates outstanding Dec. 1, 1895. $ 551.54 

IAL EIOR  eieie cca cleciticlels,niapslavese\slamlajetcteraiasiainatah 13,269.83 


College Departments— 


President’s office.......... iAaittpnoateelere $ 403.10 
Secretary’s office.......... PRDBOCORTIOD 108.95 
Mechanical Engineering............ 3,302.17 
Civil and Irrigation Engineering.. 422.87 
UAT IVN is. cota ne seats. Neue sapietiictee een aioe 1,917.49 
Botany and Horticulture........... 1,288.22 
Zoology and Entomology........... 375.61 
English and Sociology.............. 94.15 
(Olskeren Kos! ragosdpocnucsanoodgeunoaDUND 5 81.16 
WHERE CATER aKEh Gs audeoonscamodoounODne 112.16 
Domestic EcOnOMyY..........++:sccese- 530.40 
WOME Cla eee svitleteletsiviccers erectietutere 548.29 
History and Literature.............. 5.00 


IMAVICATY  caet cnt cpiriere siactescisisleinvia'sco 75.76 $ 9,215.33 
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Disbursements—Continued. 


Fair exhibits 


Insurance 


LAN OTS eh Ge Go cte GAAOUROO DOUCMOOR CUCU AEeCIO 
Student Wa DOr isn rec csicres cise came ecisesioe 


FUUPNICUTE sy a arcreteelerelelois o p!¢cecieve' sicieielerdaisisiere sials 


Current Expenses— 


COAL oe. see ec eee eee teeter tees eee ee ees 
Wlectrie: Heh ...ot eee eee A bicte th alers 
College Catalogue........... Rees ative 
Hotel and traveling expenses..... 
Supplies and fixtures............0006 
WV ACOr TOME: Giidcemciciccoicne' elasteiflere oon 
Commencement expenses......... ae 
Freight and CXpreSs......ccesceceees 
Pelephone PLeNes veces esis stele cisie Bile 
Inspecting boilers........... aeiatsiatereiats 
Assessments on ditch stock....... 
Postomice! box renttvata. cence seas 
Membership fee A. A, A. C. and 

TUS US CALLOUS. kis, mlseice meet cetealersciare to 
Carrying College mail.......... power 
Telephone and telegraph tolls..... 
Printing circulars 


Tuning piano 


Attorney fee 


Printing annual report 


Catalogine ibraryasniscceccsc ence 


Carpet for Chapel stage 
Stone walk 


Wire matting 


Matting for chapel aisles..... 
Repairs to telephone line 


Extra janitor service 


Extra instruction in Commercial 
Department 


1,615.20 
449.00 
395.00 
467.11 
535.55 
300.00 
109.50 

71,12 
36.00 
10.00 
146.17 
8.50 


10.00 
82.00 
13.85 
30.60 
11.00 
109.00 
45.00 
98.80 
50.00 
51.80 
30.50 
32.00 
10.46 
50.96 
18.15 
2.50 


14.40 $ 


REPORT 


931.83 
679.04 
723.71 


4,803.17 
86.75 
832.50 
2,668.55 
132.70 
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Disbursements—Continued. 


Annie; Jones) Wibraryeeiess shee cee . 2,692.90 
Genérallrepairss..sase sees eee 1,298.37 
Permanent Improvements............. ; 508.88 
Text-books and supplies............... 2,284.45 
Advertising 301.20 
Greenhouse 2,904.48 
Mechanical Building Heating Plant. 418.54 
Flagging basement Main Building.. 100.00 
Flagging .Forge-room...............000% 140.92 
Chemical Maboratoryie- once resseere 3,042.39 
Plumbing Domestic Econemy Build- 

flat =a an Dae et ticr eb CnGe peac to perp 225426 
Advertising pamphlet...........0...0.- 233.45 
Mechanical Building additions....... 4,727.80 
Remodeling Barn LOOL « .teccsscceissiales 450.00 


UNITED STATES OR “MORRILL” FUND. 


Receipts: 
Statem Dregs urer va ecescrs cccie seein + 


Disbursements: 


REWEVBIES ” co oneccoadaemocnnonnaenonano con obde 
EXPERIMENT STATION FUND. 
Receipts: 
In Local Treasury December 1, 1895. $ 3.18 
Local Treasurer—Canceied warrant. 2.00 
United States treasury................. 15,000.00 
SUPE MUO ASU NES erie ayetereleraicreiovetereteteteraretstetate 2,379.24 
Disbursements: 5 
DALE OS ores ctorets earners pioreie) efor opoisieietslershatetcreiaie (ac $ 9,867.70 
Station Sections— 
INCA AVEWEREN | Eebodancoaneaceae7 gscineine $ 296.60 
ISRO AKON AED) Koen oodabdpaccabadesonc 132.41 
Entomological ........... Paleetecyeleela ete 139.34 
(Olas) caver i Sa qacorecuuonocanocoUd;oGacdd 181.39 
Meteorology and Irrigation....... 573.07 1,322.81 
Substations— 
Arkansas Valley. ....-....0--.0e0een. 1,954.34 
EVAL IN Clits cisetenateleleielsssieeisistete eiatetorelaFAtrisce 362.08 
San’ Luis Valléy..c.c.dscnc2- senses 80.88 


MMe) AVA Cl © ateatave sterol sretssareleveietersierstetnfetateteter erm ciele?= 65.64 2,462.89 


13 


58,218.59 


21,099.84 


21,099.84 


17,384.97 
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Disbursements—Continued. 


PrIncin SE Wet, scctiies ciskeiresteise se 485.95 
Srationieryiet. meen cues ecm tinbabacooSEnns 54.50 
Feeding Experiment..................5: 1,195.00 
Contingent EXPENSE... «). dike sicssiencee tis sice 10.00 
TLAVEUNS: OXPCNSEaeeieie, «sic sieeicclevetiae sioieies 11.45 
Printing Annual Report.............0. 100.00 $ 15,510.30 
In Local Treasury November 30, 1896 1,874.67 


$ 17,384.97 
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SECRETARY’S STATEMENT OF CASH RECEIPTS AND REMIT- 


TANCES FOR THE FISCAL YEAR BEGUN DECEMBER 1, 1895, 


AND ENDED NOVEMBER 30, 1896. 


Receipts: 


Farm Department Fund............... 
Horticultural Department Fund..... 
OE PEL UTA ee cviss ferris telaitatere mi areiviterv- stom eisai 


BES ULE Clans ret ctererpieisterstossiclatsesiattelsfeieistereletccielevarelcts 
Current Dxpense. Fund ..... 26a cee teen 
Annie Jones Library Fund........... 
Zoology and Entomology Depart- 


YRC TD EMAL ULI CllevstateysVele) sini clotolse s(oreraronstererathtottere 


Civil and Irrigation Engineering 
IDsyoken bev erane dM bhevo Banegarooacoolococ[n 
Domestic Economy Department 
TOAD EaYGl? angas Pom ORNCC ERD o Pez oanubae pays 


ThaksKobdekeverer IMbheOlogencacocqnucnudeansccoode 
Experiment Station Funds— 
AVIAN SAS  WiALIOY acces nwraaistosietee 
Sin IES WERE coganondacocconpocce 
Divide 
Rainbelt 
Feeding Experiment...... sferstetra ister 


Remittances to State Treasurer: 


Special Fund.............. etal ise eiaeeee 
Annie Jones Library Fund............ 


Experiment Station Fund............. 


$ 1,026.82 
197.12 
45.18 


29.65 
736.05 
2.00 
180.00 


40.74 


1.65 


2.10 
4.00 


580.92 
96.50 
36.85 
5.20 
1,575.78 $ 2,295.25 
$ 2,085.31 
180.00 
2,295.25 


$ 4,560.56 


$ 4,560.56 
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CHEMICAL BUILDING. 


PRESIDENT’S REPORT. 


To The State Board of Agriculture: 


Gentlemen—If what is presented under this heading 
finds its way into print, it will appear as a part of the 
“Kighteenth Annual Report of The State Board of Agri- 
culture.” The “if” is used advisedly; for of late years 
the printing of our reports by the constituted state au- 
thority has been somewhat spasmodic. The legislative 
act of April 19, 1895, makes provision for the publication 
of the class of reports to which ours belongs. The statute 
provides for an edition of two hundred and fifty copies 
of each report and limits its length to one hundred pages. 
Further, “it shall be the duty of the Secretary of State 
to place said reports, without delay, in the hands of the 
person authorized to do the public printing for publica- 
tion.” Our Seventeenth Annual Report was prepared in 
due season and filed in the authorized manner. No efforts 
. made by me could secure its publication by the State. 
Finally, the report was taken to “the person authorized 
to do the public printing.” It appeared in pamphlet form 
and covered sixty-four printed pages. The edition of fif- 
teen hundred copies cost. $98.80, which sum was paid out 
of the college fund. 


SOME FRAGMENTS OF COLLEGE HISTORY. 


The life of the College covers but a brief span of 
time. The State under whose statutes it is managed is 
just twenty years old. The act of Congress providing 
for its first endowment dates back to July 2, 1862, in 
territorial days. The “more complete endowment and 
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support” of the College came by act of Congress dated 
August 30, 1890. These congressional acts are best 
known as the first and second “Morrill Bills.” They stand 
as a lasting monument to the perseverance and wisdom 
of their author. 

The “Hatch Act,” which became a law March 2, 1887, 
makes annual appropriation, by the Government, of $15,- 
000 for the support of an experiment station in connec- 
tion with the College. These acts of the National Con- 
gress have furnished a regular revenue for college sup- 
port which now amounts to about $43,000 annually. 

An act of the Territorial Legislature, in 1870, made 
provision for the establishment of an agricultural college, 
to be named “The Agricultural College of Colorado,” and 
gave it a location “at or near Fort Collins in the county 
of Larimer.” The same act named a Board of Trustees, 
twelve in number. Some change in the personnel of this 
board was made by legislative act in 1872. Two years 
of “innocuous desuetude” passed. On February 13, 1874, 
the Territorial Legislature made an appropriation of 
$1,000 to aid the trustees, before named, in erecting build- 
ings on the grounds then belonging to the institution 
at Fort Collins, provided said trustees should raise “by 
subscription, donation, or otherwise” the sum of $1,000 
and expend the same on buildings and grounds. The act 
making this qualified appropriation did not go into effect 
until January 1, 1875. 

The sum required to be subscribed or donated by 
private parties before the territorial appropriation could 
be made available for use, was readily obtained from pub- 
lic-spirited citizens of Fort Collins and vicinity. The 
Larimer County Land Improvement Company made a 
donation of ditch stock to the value of $600. Collins 
Grange made a subscription of $100. The remainder of 
the requisite sum was subscribed by private parties, a 
full list of whose names cannot be obtained at this 
writing. 

é The Collins Grange may justly be credited with ac- 
tion that saved the forfeiture of college rights. Inaction 
had continued until rights previously secured were in 
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jeopardy. The members of the grange appointed a picnic 
day and assembled in force on the college grounds. Dur- 
ing the day twenty acres of college ground were sown to 
wheat and cottonwood cuttings planted along the north 
line of the grounds. This wheat land, in harvest time, 
produced a yield of 375 bushels. 

The act of 1874 refers to “orounds now belonging 
to said institution.” Before the close of the year 1872, 
lands amounting to 240 acres had been donated, to the 
trustees, already named by statute, for the use of the 
College, by the following-named persons: Arthur H. Pat- 
terson, 80 acres; Robert Dalzell, 30 acres; Joseph Mason, 
H. C. Peterson, and J. C. Mathews, jointly, 50 acres; and 
the Larimer County Improvement Company, 80 acres. 

When the state constitution was adopted, the College, 
under a provision thereof, became an institution of the 
State of Colorado. Its location at Fort Collins was con- 
firmed and its management passed into the control of the 
State, “under such laws and regulations as the General 
Assembly shall provide.” 

The first Board of Agriculture, under state appoint- 
ment, met in the office of Governor John L. Routt, Den- 
ver, on March 19, 1877. The term of office of the mem- 
bers was determined by lot. The membership of the 
Board was as follows :— 


W. A. Bean, 


M. N. Bverett. Vowo tare 


Harris Stratton, \ : 
2 . Four years. 
John J. Ryan. J 


B. S. La Grange, AR dees 
W. EF. Watrous. J . . 
P. M. Hinman, 


Hight years. 
John Armor. \ ent y 


W. F. Watrous was made President, and Harris 
Stratton Secretary of the Board. 

The minutes of the Board meetings from the date of 
the initial meeting, just mentioned, to the present time 
are complete and legible. They are carefully recorded 
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and can be found in the office of the Secretary of the 
Board at the College. 

The special appropriation and the private donation, 
before named—a total of $2,000—were used in making 
certain improvements on the grounds and in putting up 
a small brick building which later on did service as a 
chemical laboratory. This building, the oldest on the 
grounds, was one story high and contained a floor space 
about equal to that of an averaged-sized school-room. 


° a 
a 


C74 


ois i ci! iii NOT) mn ih wf A 
Lee en, ened HT NY >t 
if () it Matty j Hp an iv OSE oN 


FIRST COLLEGE BUILDING. 


Since Colorado became a state, the proceedings of 
The State Board of Agriculture and the workings of The 
State Agricultural College, under its control, are matters 
of continuous record and frequent reports. 

It is to be regreited that all the annual reports of 
the Board are not in print. It was false economy that 
saved a few dollars at the exepense of a broken series 
of reports. Doubtless there were times in the history of 
the College when a twelvemonth brought no startling 
or important changes in the management and growth of 
the institution; but what was done therein makes an 
integral part of college history and, as such, has a value 
that will increase as the years go by. What was done 
by the governing body and the faculty when the institu- 
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tion was getting upon its feet has more than a passing 
interest to those now doing or supervising college work. 

I can find no written or printed copy of the First 
Annual Report, that for 1877. The minutes of the Board 
for that year set forth clearly and at length the pro- 
ceedings of the three meetings held on March 19, Sep- 
tember 11, and December 26. The financial statement 
presented at the final meeting of that year is certified to 
by President Watrous. The total receipts were $509.89. 
The expenditures footed up a total of $105.50. The close 
of the year found a healthy balance in the treasury. 

The Second Annual Report—for 1878—is replete 
with interesting information. It covers forty-eight 
printed pages. In it is found an account of the Board’s 
efforts to secure the erection of a proper building in 
which to begin college work. Messrs. W. F. Watrous, 
W. A. Bean, Harris Stratton, B. S. La Grange, and John 
J. Ryan constituted the Building Committee whose busi- 
ness it was, at the outset, to secure plans and specifica- 
tions of the proposed building. The committee secured 
the services of an architect, George E. King, of Boulder, 
who thereafter designed a building the estimated cost of 
which was $7,000. Later the contract for putting up the 
building was awarded to H. C. Baker, of Boulder, at his 
bid of $7,000. 

In June, 1878, the ground was broken, and on July 
29th, everything was in readiness for laying the corner- 
stone. The report from which the following information 
is gleaned contains a readable description of the impres- 
sive Masonic ceremonies connected with putting the stone 
in place. The College is spoken of as ‘another link in 
the wonderful system of schools for the education of the 
people inaugurated with such success by the citizens of 
Colorado.” Appropriate addresses were made by C. J. 
Hart, of Pueblo, Master of the Grand Lodge of Free- 
masons of Colorado, and Hon. J. ©. Shattuck, State Su- 
perintendent of Public Instruction. 

The description of the building contains some strong 
adjectives not inappropriate, perhaps, when the time and 
conditions are taken into account. The building, 62x43} 
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feet, is described as “a piece of workmanship unequaled in 
the State, impressing every one with its beauty, strength, 
and solidity.” The present class-room in zodlogy and the 
museum connected therewith are declared to make “a 
magnificent hall the entire length of the building.” Those 
were the days of small things not to be despised. The 
structure so glowingly described is the rectangular front 
with tower of the present Main College Building. The 
contractor’s work was supervised by Andrew Armstrong, 
of Fort Collins. 

Considerable space is given in this report to “Fruit 
in Colorado.” 

At the time this report was made, no definite action 
had been taken looking to securing the 90,000 acres of 
land to which the College was entitled under the con- 
gressional land-grant act of 1862, herein elsewhere men- 
tioned. The one-tenth of a mill, then authorized to be 
levied upon the taxable property of the State for college 
support, was found inadequate to secure that end prop- 
erly. Requests for a special appropriation of $3,000 
and an increase of the mill tax from one-tenth to one-fifth 
conclude this report—one of the most important of those 
issued by the Board. 

At this time the total annual receipts of the College, 
from all sources, was but little more than $7,000. 

The minutes of the Board show that a resolution to 
open the College for the reception and instruction of stu- 
dents on May 1, 1879, was adopted February 26, 1879. 
A preamble states the resolution to be the outgrowth of 
a loan by the General Assembly to The State Board of 
Agriculture to enable it “to open The State Agricultural 
College for public instruction.” It was found inadvis- 
able to open the College in May. Subsequent Board ac- 
tion fixed upon the first Monday in September as the time 
for beginning scholastic work. 

A committee to make inquiries in relation to a suit- 
able person for President of the College, and to report 
thereafter in regard thereto, was composed of the follow- 
ing-named Board members: J. S. Stanger, P. M. Hin- 
man, and B. 8. La Grange. At a meeting of the Board, 
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held at the College, May 27, 1879, this committee reported 
in favor of calling Prof. E. E. Edwards, of McKendree 
College, Lebanon, Illinois, to the presidency of the Col- 
lege at an annual salary of $1,800. The report was unani- 
mously adopted. 

President Edwards’s first appearance at Board meet- 
ing is noted in the minutes under date of June 30, 1879. 
At this meeting A. E. Blount was elected Professor of 
Practical Agriculture and Frank J. Annis, Professor of 
Chemistry. The salaries fixed were $1,200 and $1,000, 
respectively, per annum. 

A circular, embodying a course of study, was pre- 
pared by joint action of the Faculty and a committee 
from the Board—J. S. Stanger and P. M. Hinman. On 
July 5, 1879, the Board ordered the distribution of 2,000 
copies of this circular. 

The initial term of the College opened September 1, 
1879. The record shows the enrollment of twenty dif- 
ferent students at the close of this term. There was 
but one course of study. The college-year began with the 
spring term and closed with the autumn term, the vaca- 
tion season occurring in midwinter. The calendar for 
1881-1882 shows the abandonment of this arrangement 
and the adoption of the present plan of three consecutive 
terms of thirteen weeks each with a short vacation at 
Christmas season and a long vacation extending from 
“Commencement Day,” early in June, to the first Monday 
in September. 

Elective studies are first noted in the catalogues for 
1886-87. The next year brings the announcement for the 
differentiation of the work at the close of the Sophomore 
year. Two courses, the Agricultural and the Mechanical, 
are outlined. The Irrigation Engineering Course and the 
Ladies’ Course were first scheduled in the catalogue for 
1889-90. 

The reports of the President of the Faculty are im- 
portant official contributions to college history. The first 
printed report of President Edwards appears as a part 
of the Board report for.1880. It covers seventeen pages. 
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Prof. G. L. Ingersoll, of Purdue University, Indiana, 
became President of the College, August 1, 1882. The 
resignation of President Edwards was accepted by the 
Board at a meeting held April 7, 1882. Prof. A. E. 
Blount, as senior professor, was Acting President be- 
tween the dates named. President Ingersoll’s first report 
occupies sixteen pages in the Board report for 1882. 

The first report of the President of the College to the 
State Superintendent of Public Instruction is found in 
the third biennial report, of the latter officer, for the term 
ending August 31, 1882. Since that date, every biennial 
report issued from the State Department of Public In- 
struction has contained a carefully compiled report, pre- 
pared by its President or the officer acting temporarily in 
his stead, of the work and growth of the College. 

The annual catalogues issued from the President's 
office show the features of college work, generally exhib- 
ited in such printed matter, very fully. No study of the 
growth of the College would be complete without it in- 
cluded a careful examination of these pamphlet publica- 
tions. 

Prior to the establishment of the Experiment Sta- 
tion, under the provisions of the “Hatch Act” of 1887, 
the annual reports of the Board contained much informa- 
tien regarding agricultural and horticultural work in 
Colorado. This information came chiefly through the re- 
ports of the Secretary of the Board and the Professor of 
Agriculture. 

The publications issued, from time to time, from 
the Secretary’s office and bearing title, “Agricultural Sta- 
tistics,’ have been compiled under conditions that have 
made their value a questionable quantity. In his statis- 
tical report for 1886, the Secretary says: “Some pro- 
vision ought to be made whereby certainty and accuracy 
can be secured in collecting and making these returns.” 
The “provision” so much needed ten years ago has not 
been made. : 

In 1886, a pamphlet entitled “Experimental Work 
of the Horticultural Department” was issued. The au- 
thor was James Cassidy, Professor of Horticulture. The 
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subjects treated are herewith named: Experiments with 
Potatoes; Irrigation in Horticulture; Report on Grasses; 
Report on Weeds; Report on Forestry; Report on Fruits; 
Report on Garden Vegetables; Smut on Grass; and Re- 
port on Seed Tests. This pamphlet is the worthy fore- 
runner of the bulletin literature regularly issued since 
the establishment of the College Experiment Station in 
February, 1888. d 

The report of the Board for 1880, contains an account 
of what is believed to be the first “Farmers’ Institute” 
held in Colorado. It met in the College Chapel on Wednes- 
day evening November 26, 1879, and was called to ‘order 
by President Watrous of The State Board of Agriculture. 
The principal addresses were delivered by President E. 
EK. Edwards on, “The Utility of Tree Culture,” and See. 
retary Harris Stratton on, “Practical Dairying.” 

Looking over the Board reports for the years 1880, 
1881, and 1882, I am forced to believe that the interest 
of the farmers of Colorado in information and methods 
bearing upon their work was as strong then as it is now. 
The prosecution of institute work. among the farming 
communities of our State has not been followed by very 
gratifying results. 

In the years before named, institutes were held in 
Fort Collins, Del Norte, Greeley, Longmont, Boulder, 
Loveland, Monument, and Trinidad. Some of the papers 
and addresses are found in the Board reports. The titles 
of a few papers, and the names of their authors, are given 
in this connection :— 


EAD INES RL Omml WRN Ge GE OWV-CIS Scio cietela( aces sis ice auaistle elie! ovel/ehie J. S. Perkey 
COMMA OE USM OUGUNGs, cathe n< chs olin aerecsbomiostars Satie ans A. L. Emigh 
ZOLA OMG ITLUUM Crnsr ayers. sicko cueveiei oy eeoacs Bis sere) erecaders sleds) ale G. W. Buell 
LAR ASHOVO IS Gntone OO HELO Oc EEO CaCO pertatondte nes eee A. J. Wilbur 
Wheat Culture and Rotation of Crops........... Samuel Blodgett 
ENC Ome OUUGUIT CoMie wet vey ce Sate Morneau b ben feten cue ai Siceepe. treile st evsncvecastoe They te Lah Kovtay 
EUAN. ESI THAs) sake heMBlerakes TKO) Ms ong oodoooOs nanuooodS ©. C. Calkins 
Wane chart iS Ours so o.0ucanteamo orn cools 


Under-Draining and Reclaiming Alkalied Lands. . P. M. Hinman 


Flowers: Their Cultivation in the House..Mrs. E. D. Armstrong 
Wein, Iehdombits ayes ops dedoo0 a8 5.005 Due doo conor J. E. Washburn. 
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Science and Agriculture. ...s........0+. 0-202 Chas. F. Davis 


DAI V IT Si cae, Se aos oy ale cns cece wtovwleh Mectoetelor let NeneteLege epee G. W. Eggleston 
SOO Gk. ck cease relies ofits, witay af lareleray suede teneMometteente apo aaa 

WURER ES 5s le. ctetoe mata soe sem Laity. araePh anos Aare ha. HK. Blount 
Gulture of Small Bruitsiys . cles os «oreic ioe: oh serene tininte rene ren A. N. Hoag 
4 hireyoedd BOLTS) cenit MUMIA cies OS TNNO.C Domo Oo bo F008 J. K. Peabody 


Horticultural Products of Greeley and Union Colonies....... 
A. EK. Gibson 


Fall versus Spring Plowing. ...........5ceeesee cues DALa Dracy, 
FATIN LLG GAL Gee ycsateslcie clays ele lometedterie Cer vnas Mrs. Albina L. Washburn 
Mhe Home of the? WH Utureiyer. eles oreists oversees Mrs. Harris Stratton 
Agriculture in Colorado—tIrrigation................ J. S. Stanger 


The Board report for 1888 contains papers read be- 
fore farmers’ institutes held in Fort Collins and Loveland. 
They are as follows: 

Cattle Feeding, A. E. Blount; Horticultural Experi- 
mentation for Colorado, James Cassidy; Manual Train- 
ing, James W. Lawrence; Storage Waters in Reservoirs 
for Irrigation, Vasa E. Stolbrand; Creameries and Cheese 
Factories in Colorado, G. Frank Otis; Profits of Poultry, 
Mrs. W. C. Stiles; and Carp Culture, Jacob Hetzel. » 

It is not known why the publication of such well- 
prepared, practical papers, as a part of the annual re- 
port of the Board, was discontinued. The reading of some 
of these papers before farmers’ institutes of to-day would 
not be unproductive of good. 

One new feature is seen in the report for 1886. An 
abstract of the proceedings of the regular annual meet- 
ing of the Board, held December 8, 9, and 10, is pub. 
lished. This is the only instance of such publication in 
the history of the Board, as far as I can determine. 

Many other matters of interest connected with col- 
lege history might be referred to in this connection; but 
their mention might be considered, by some, an unneces- 
sary lengthening of this report. The importance of such 
historical data will be more recognized as the College 
advances in its now clearly outlined path of prosperity. 
The days of infant struggle will be looked back to with 
keener appreciation as they recede farther into the past. 
Many of those who aided the establishment and early 
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growth of the institution, by their wisely-planned, self- 
sacrificing efforts, are yet with us and are in position to 
give us much interesting information not as yet a matter 
of record. The opportunity for securing this information 
and making it available for the use of the future his- 
torian should not be permitted to go by. Now is the op- 
portune time for the collection and compilation of the 
data essential for the preparation of an authentic history 
of the College during its initial and formative periods. 


THE NATIONAL GOVERNMENT AND THE COLLEGE. 


The General Government is a financial backer of the 
College under the terms of the “Morrill Bills” of July 
2, 1862, and August 30, 1890. No inconsiderable portion 
of college revenue is now derived from the operation of 
these congressional acts. The present fleurishing con- 
dition of the College is, in large part, the outgrowth of 
endowments and appropriations made by Congress. The 
provisions of the second bill are more liberal to the 
smaller states of the Union than are those of its fore- 
runner. 

The act of 1862 made a donation of public lands to 
the several states and territories in order to “provide 
colleges for the benefit of agriculture and mechanic arts.” 
The land was apportioned among the beneficiaries, un- 
der the act, so that each state received thirty thousand 
acres for each Senator and Representative it bad in Con- 
gress. By this method of distribution, the older and 
more populous states received the greatest benefit from 
the endowment. New York and Colorado do not stand 
on an equal footing to-day when measuring revenues 
derived from the land-grant act of 1862. In some states, 
the present annual revenue received under the provisions 
of the first “Morrill Bill” amounts to many thousands of 
dollars. 

There was some delay, on the part of the proper au- 
thorities in Colorado, in securing to the State the ad- 
yantages of the congressional legislation of 1862. The 
General Assembly of Colorado, by act bearing date Janu- 
ary 27, 1879, gave assent to this congressional act and 
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accepted it with all the provisions connected therewith. 
These provisions are clearly stated and relate, princi- 
pally, to the selection of the land and the disposal to be 
made of the money derived from its sale. It is provided 
that the fund secured from land sales shall be kept 
unimpaired and that all losses connected with its hand- 
ling shall be made good by the state concerned. The clear 
intention of the act is that only the revenue secured 
from the original endowment shall be used in support 
of the institution contemplated, and that support not to 
extend to the erection or repair of any building. 

A portion of section 4, of this act of 1862, has been 
often quoted. It clearly outlines the nature of the work 
to be put in operation by the college “for the benefit 
of agriculture and mechanic arts.” Its terms furnish the 
chart whereby the course of instruction can be traced. 
Of the liberality of those terms the language of said 
section,is the best testimony: “The leading objectshall be, 
without excluding otherscientific and classical studies, and 
including military tactics, to teach such branches of learn- 
ing as are related to agriculture and the mechanic: arts, 
_ in such manner as the legislatures of the states may re- 
spectively prescribe, in order to promote the liberal and 
practical education of the industrial classes in the sevy- 
eral pursuits and professions of life.” 

Under the terms of this act, Colorado received 90,000 
acres of land. The management and control of this land 
are vested in the State Board of Land Commissioners. 
The college authorities have nothing to do with its sale 
or other disposition. I venture to say that the wevenue 
for college support derived from the land-grant act of 
1862, is as unknowable a quantity to the members of The 
State Board of Agriculture as any whose expenditure 
1s controlled by them. Some knowledge of a thing is 
a condition precedent to any great interest in it. In 
many states, the land-grant endowment is under the con- 
trol of the college governing board, both before and after 
it becomes productive of revenue. In some states, the 
income from land sales and rentals is used to liquidate 
a portion of state indebtedness. Then the total sum thus 
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used is made a part of the state’s irreducible debt, and 
such part thereof draws. interest—not less than 5% per 
annum, usually payable semi-annually—which goes to 
give the college an income certain in amount and definite 
as to the time of its availability for use. 

Our land-income fund is not large; and there is no 
prospect that it will ever be large enough to meet any 
considerable part of the cost of college maintenance. 

All the land donated by congress for the endowment 
of The State Agricultural College has been located and 
its location confirmed. I have not the data at hand to set 
forth clearly how much of this land remains unsold or 
to make an intelligent estimate of its money value. I 
am informed that the interest on warrants invested for 
1895-96 amounted to $4,755.66. The State Board of Land 
Commissioners estimates that the income fund for the 
year 1897-98 will be about $3,000. A safe and conserva- 
tive estimate of next year’s college revenue from the 
congressional land-grant act of 1862, would not make a 
total in excess of $6,000. 

The second “Morrill Bill”—that of August 30, 1890— 
is designed more completely to endow the colleges of 
agriculture and mechanic arts established upon the con- 
ditions named in the former bill—by the same author— 
of 1862. Its provisions are of a broader and more lib- 
eral nature than those of its predecessor. The states and 
territories, under its terms, share equally in the govern- 
ment bounty. The sum of fifteen thousand dollars is 
given, the first year, to each college in whose behalf the 
additional endowment is made; thereafter the annual in- 
crease of said endowment is to be one thousand dollars 
until a total appropriation of twenty-five thousand dol- 
lars annually is reached. 

It is now the practice to pay this appropriation in 
advance on or before July 31 of each year. Unless a 
change is made in the law, the College will receive its 
first maximum appropriation of twenty-five thousand dol- 
lars in the summer of 1899. 

Some of the conditions that hedged about the ex- 
penditure of the land-grant fund provided for by the act 
of 1862 are incorporated in the act of 1890. There is a 
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proviso that the state, or territory, making acceptance 
of the endowment, authorized by the act, shall replace 
any part of it lost or misapplied under penalty of for- 
feiting all participation thereafter in its benefits. No 
part of the annual appropriation can be used for building 
or repair purposes, but the whole thereof must be “ap- 
plied only to instruction in agriculture, the mechanic 
arts, the English language, and the various branches of 
mathematical, natural, and economic science, with special 
reference to their applications to the industries of life, 
and to the facilities for such instruction.” 

By the terms of the two acts herein described, the 
General Government has become the direct promoter of 
a phase of public education new in its make-up and far- 
reaching in its results. An impulse has been given to 
the idea of a better planned, and more practical educa- 
tion for that large number of our people who gain a 
livelihood by manual labor. 

Our State, by its acceptance of the conditions im- 
posed by the language of these acts, has attested its belief 
in the efficacy and necessity of the kind of instruction 
they were designed to foster and pledged itself to be a 
faithful ally of the General Government is making that 
instruction as thorough and far-reaching as conditions at 
hand, and created, will permit. 

THE STATE AND THE COLLEGE. 

Under the Constitution of Colorado, the Agricul- 
tural College became a State institution in 1876. The 
location of the College and all bequests previously made 
for its use were confirmed by a provision of that instru- 
ment. é 

By legislative action, taken about the middle of the 
Session of 1877, “The State Board of Agriculture” was 
created. The first meeting of this Board has been re- 
ferred to elsewhere. The Board owes its existence and 
powers to legislative enactments. Those powers are 
such as are usually exercised by a governing board of 
an educational institution. ; 

The principal source of state revenue for college 
support has ever been the “mill tar.’ This tax dates 
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back to an act of the General Assembly, passed March 
9, 1877, by which a tenth-mill levy on all the taxable 
property of the State was ordered for college use. By 
act of February 3, 1879, the state levy for use of the Col- 
lege was made one-fifth of a mill. This act was re- 
affirmed, February 8, 1881, and is now in force. 

The bill, approved March 17, 1891, that made pro- 
vision for a special tax of one-sixth mill, in each. in- 
stance, for the support and maintenance of certain state 
educational institutions, The State Agricultural College 
being of the number, was, in the spring of 1895, declared 
unconstitutional by the Supreme Court of the State. 

Twice has the College suffered a loss of a portion of 
the mill-tax support provided by law. By action of the 
Supreme Court in the fall of 1894, the mill-tax levy was 
made three-twentieths instead of one-sixth. In the fall 
of 1895, the State Board of Equalization, fearing the tax 
receipts would be insufficient to sustain the different 
branches of the state government, as required by law, 
reduced the college mill-tax from one-fifth to one-sixth. 
Between the times of the acts of the Supreme Court and 
the State Board of Equalization, herein mentioned, the 
unconstitutionality of the act of March 17, 1891, was 
announced. 

By the reduction of the mill tax, twice made as 
stated, the College suffered a loss of revenue amounting 
to more than $10,000., This loss of revenue was unex- 
pected—perhaps without justification—and delayed the 
completion of a college pugs in course of erection 
when it occurred. 

The Legislature, in addition to providing for the 
support of the College by the mill tax, before named, 
has made the following-named special appropriations :— 


Year. Amount. For What Purpose. 
LOR Per SOOO er eraterncts etace nfo oreiasasaveiusaretulate’ mets (aratoys(n a ciars ots College Dormitory 
SSO) MeL OS OOS arotate exc storsreiste/steversie er cTolerciatcustels tales vtslorersierorere'a Mechanic Shop 
ESRD ES OO la ee srtaiare vias ciel azals stersrel eters stqeiesals Extension of Main Building 
1893 GEN s doce dacurcste;concoannnoodupodtisecnonosdce Sewer System 
ikey AIM scooprnbuconbbuctocogcconoMastvor Additions to Buildings 


Total of all special appropriations, $49,500. 
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Taking into consideration the fact that the General 
Government has, with some liberality, endowed the Col- 
lege, the State has given it fair financial support—as 
muon possibly as the state of its finances would well 
warrant. 

The State undertook a big educational work when 
it planned for a liberal course of instruction in so many 
higher institutions of learning. The plan of state in- 
stitutional management, as far as it concerns educational 
work in its higher forms, has been so far prosecuted that 
any effective modification of it looking to a consolida- 
tion of institutions at one point and under one authority 
would be attended, at the outset at least, with serious 
financial loss, incurred with no strong assurance of a 
betterment of the educational work now planned and in 
execution. 

It may well be doubted whether a consolidation of 
all the work of higher education, now in successful opera- 
tion in the various state institutions of learning, under 
one management would prove either economical or desir- 
able. An agricultural or a technical school has not much 

in common, either in work or sentiment, with a univer- 

sity. The work of a normal school can not be made to 
articulate very closely with that of a school in which 
students are prepared to become mine engineers. 

Consolidation of the state’s higher institutions of 
learning is impossible without a: constitutional amend- 
ment. It is theory that asserts that a saving of revenue 
would follow such consolidation; and it is theory that 
affirms that the interests of higher education would be 
promoted thereby. A union of the state’s higher educa- 
tional forces might save something in the way of build- 
ings and equipment, lessen the force of instructors, and 
decrease the number of governing boards; but, perhaps, 
these are not results greatly to be desired. 

The chief objection to the present status of higher 
education, as fostered by the State, is that it puts some 
unnecessary tax burden upon the peuple! The state levy 
for all purposes can not exceed four mills on the dollar 
of taxable property. Less than one-fourth of the total 
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tax collected by the State goes to the support of the five 
institutions now engaged in educational. work under its 
authority. . 

tn many localities in Colorado, the tax-payer pays 
from fifty to eighty dollars in local taxes to every dollar 
the State takes from him for the maintenance of all these 
institutions. For instance: when a citizens of Fort Col- 
lins, pays $52 into the treasury of Larimer county, one- 
thirteenth of it, or $4, will find its way to the state treas- 
ury; and of that $4, only twenty cents will be placed to 
the credit of The State Agricultural College. 

Our State can well afford to give one mill, upon the 
low assessed valuation of its property, for the support of 
higher education as now fostered in its five institutions 
of learning. It is the honest belief of many intelligent 
citizens that the State has received more real benefit 
from the money spent in support of these institutions 
than from an equal expenditure for any other purpose or 
pur poses. 

All these institutions have made gratifying progress 
under the conditions that have brought other enterprises 
to a standstill or to ruin. They have felt the restrictions 
of a decreased revenue at the very time when their rapid 
increase of students made urgent call for more ample 
quarters and increased equipments. During this period 
of struggle and victory, their revenue has been looked 
upon by greedy eyes and its permanency threatened. 

A little less than four years ago, at a time when our - 
student roll was lengthening rapidly, a bill was introduced 
into the General Assembly to reduce our mill tax from 
one-sixth to one-tenth mill. This bill took the usual legis- 
lative course and met its first obstruction in committee 
room where representatives of the College secured a 
hearing. It required some effort on the part of these 
representatives to secure the defeat of this bill so fraught 
with mischief to college interests. 

While this effort to cut off nearly one-half of our 
mill tax was under way, the assessed valuation of prop- 
erty in the State was undergoing a rapid decrease. The 
assessable property in Colorado fell in listed value about 
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$30,000,000 between the spring of 1893 and that of 1894. 
It makes one interested in the growth of the College 
tremble with apprehension when he sees but a few votes 
stand between it and financial ruin. 

Some definite revenue is a requisite for any business- 
like management of the College. A wise business man 
tries to look ahead and to arrange for what he desires 
to bring about. If one has no plans, if he is simply 
living from hand to mouth, it does not much matter what 
conditions confront him, now or hereafter. No one 
can tell how to cut a comment until he knows how much 
cloth he can secure; no institutional management can 
look beyond its nose until its vision is strengthened by 
a steady light. 

I look with misgiving that some business sense 
awakens upon the plan that has been proposed of abolish- 
ing the mill tax for the support of the state educational 
institutions. The carrying out of that plan means the 
placing of the institution upon an uncertain and insecure 
financial basis. Under such a condition of financial 
chaos, no intelligent effort could project itself far into 
the future. The proposition is suggestive of a manage- 
ment without stability, force, or efficiency. A precarious 
revenue would tie the hands and hold back the energies 
of every one working in any manner for the upbuilding 
of the educational institutions of the State. 

Then, too, all business experience protests against 
the abandonment of the present system of providing for 
institutional maintenance. No enterprise of any moment 
should be entered upon before ways and means for its 
intelligent prosecution have been wisely considered and 
adequately provided. The most disagreeable feature 
connected with the management of the educational in- 
stitutions of our State is the necessity that forces those 
in control of them to make application to the General 
Assembly for special appropriations. Added to this loss 
of time and energy, which under more satisfactory con- 
ditions could be better expended elsewhere, is the fear, 
forcing to active effort, that ill-advised legislation may 
Sweep away, in a day, the little fund made, as it were, 
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an endowment by past legislative wisdom. The thought 
and activity so much needed to promote work within the 
institutions, and make known its scope and value to 
those who might be induced thereby to avail themselves 
of its advantages, are weakened by the necessity of lob- 
bying efforts to hold appropriated revenue and to secure 
much needed additious thereto. 

A certain mill-tax revenue should need no advocacy 
before those who are really desirous of promoting the 
growth of the state’s educational institutions. The sign- 
board of experience points unerringly to the kind of busi- 
ness management these institutions should be under to 
put them in a favorable condition for accomplishing, with 
good result, the purpose for which they were established. 
Give them a certain revenue, as liberal in amount as all 
considerations and conditions make advisable; place them 
under the control of boards whose membership has been 
judiciously selected; and then free them from threats of 
unwise legislative interference. Under such a policy 
every educational institution in the State would feel the 
thrill of a new life and a more energized purpose. 

The good results of past effort, now so apparent, in- 
dicate the surest means by which future prosperity can 
be assured. Frequent legislative interference with the 
revenue or management of these institutions is a menace 
to their well-being. Former legislative acts relating to 
them have followed the best practice in other states. 
The tendency of legislation, almost everywhere, is to 
place a state’s educational institutions on a sure and 
liberal financial basis. Let not ill-advised legislation 
push us many steps backward in our country’s advanc- © 
ing educational column. 

Again, it is not in the line of sound policy for our 
lawmakers to attempt a sort of personal control over 
the internal management of these institutions. Our Leg- 
islature meets biennially. Its membership is subject to 
frequent changes. From the nature of things it is im- 
possible for its members to have any great familiarity 
with the workings of the educational institutions of the 
State. Any attempt by them to restrict the governing 
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boards of these institutions in the exercise of the duties 
usually devolving upon such bodies will likely be more 
productive of harm than good. 

One hundred lawmakers, meeting biennially in 90- 
day session, do not form a body best fitted to control 
the internal workings of an institution which many of 
them have never seen. It is hardly possible that such a 
‘body can legislate aright except in a general way, upon 
such matters. 

The boards in immediate control of our state in- 
stitutions are the bodies best fitted, by experience and 
contact, to supervise their special workings. The mem- 
bers of these local boards are under official oath, are 
appointed for an extended period of service, and, in the 
performance of their official duties, are brought in fre- 
quent contact with the work it is their proper province 
to have organized and prosecuted. They have better 
knowledge of what it most calculated to promote the 
growth of the institution under their control than any 
legislative body can possibly have.” 

Three proposed acts of legislation that have advo- 
cates and which, in my opinion, would, if made operative, 
prove hurtful to the interests of our institution, and 
others as well, are as follows :— 

1. To place the management of all the state educa- 
tional institutions under one board of control. 

2. To repeal all laws making annual mill-tax levies 
for the support of said institutions, and thus require 
their management to depend upon legislative lobbying 
for their financial support. 

3. Arbitrarily to fix, without reference to work done 
or fitness to perform it, the salaries of certain employes 
connected with the executive departments of said edu- 
cational institutions. 

In reference to the last-named measure, it may well 
be affirmed that. the local governing board of each insti- 
tution, by reason of its direct knowledge of the work 
connected therewith, is the proper and logical power 
finally to determine the value of the service rendered by 
any employe under its authority, whether in the execu- 
tive office or the janitor’s quarters. 
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COLLEGH REVENUE—EXPENSES. 


An educational institution is not designed to be a 
“savings bank.” It is expected that its management 
will make use of all money that comes into its hand in 
promoting its growth and widening its sphere of use- 
fulness. There should be no waste either of money or 
educational force. There are many well-endowed institu- 
tions of learning in the country whose large revenue is 
expended almost as fast as it is received; and no sound 
principle of finance is violated by that course. It is the 
duty of an educational board to spend all the revenue 
within its reach, but the expenditure must be so directed 
as to secure worthy and legitimate results. 

In the history of the College, thus far, the govern- 
ing board has never been troubled with a surplus in the 
college treasury. The all-absorbing, ever-present ques- 
tion has been how to keep expenditures of most press- 
ing necessity within the estimated receipts. 

Our sources of revenue have been reported fre- 
quently. Herewith is presented an estimate of the in- 
come of the College—from all sources—for the fiscal 
year ending November 30, 1897 :— 

1. Land Income Fund, derived from interest on 
money received from sales of land donated by the Gen- 
eral Government, and rents of leased lands not yet sold, 
(Morrill Bill of July 2, 1862), about $5,000. 

2. Government appropriation for the support of the 
Experiment Station, (Hatch Act of March 2, 1887), 
$15,000. ; ) 

3. United States Fund, (Morrill Bill of August 30, 
1890), $23,000. 

4. State Tax Fund, one-fifth of a mill on all the tax- 
able property of the State, about $40,000. 

Yearly receipts from all sources, given approxi- 
mately, $83,000. 

Had the college revenue from the mill tax for 1895 
and 1896, been received as per statutory provision, the 
college finances would now be in good condition. The 
loss of that expected revenue has disarranged plans look- 
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ing to certain permanent improvements and seriously de- 
layed others in progress when it was first announced. 

There is a “special fund” reported in connection with 
college finances that is only referred to here to show 
that by it the sum total of money receipts is swelled 
without any real increase in college revenue. Books for 
student use are bought with college funds and placed 
on sale. The sales about balance the original cost, and 
the money thus derived finds its way into the “special 
fund.” This fund is also added to by sales of college 
products or supplies made by one department to another. 
The money for anything sold, though it may have cost 
the College its selling price, or more, helps augment the 
“special fund.” 

Under proper conditions the revenue for college sup- 
port would be fairly adequate. With the present one- 
fifth mill tax, levied on a lawful valuation of assessable 
property, and with the financial support derived from the 
General Government, necessary current expenditures 
could be met. An occasional special appropriation for 
building purposes would then be the extent of college de- 
mands upon the treasury of the State. 

The assessed value of taxable property in Colorado, 
for the last five years, is herewith given :— 


DSO Din 3.5 sivainye oih:wints aisfelsiaiece ba(ele eo ore et iaiststsaePiterte nts erent erento $236,884, 449,48 
MOOS. cc.cie siaseis’eiere.nie slate «iais,oforeioivialeisiein(ole eleteismaeteleelen crater tein ete 238, 722,417.05 
DSOE: cio vis ncn elninle nlele's piels’ere o 4'0)efelsrs sivie shelete etie ste asteysyete enseeate ieee 208,905,379.15 
DOOD ae aiaicicis Sisigieiaie ala ve ele loVorele/6:0 aioh Ae ota stetanetate ectetsial ste (otetelsaietateye 201,308,969.10 
UB9G: sos lsiaisiere sie o1e dinner ov onto o elo alstereisho olstaetoe tee oe ntete eee eee eee 206,598,561.00 


Future wants of the College will undoubtedly be in 
excess of present ones. Our revenue for college sup- 
port must increase with the demands made urgent by the 
presence of a much larger number of students. If prop- 
erty valuation increases, the mill tax on such valuation, 
provided legislative interference does not occur, will give 
the College ample financial backing. 

There are expenses connected with college manage- 
ment that can be pretty definitely determined in advance. 
The salary roll is now as follows: College fund, $37,620; 
Station fund, $12,000; Total $49,620. In December 1895, 
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the Board, upon recommendation of its Committee on 
Finance, made an appropriation of'$22,580 for current ex- 
penses and support of the various departments of instruc- 
tion, including the library. The sum last named did not 
include any appropriation from the Experiment Station 
Fund. Subsequent action provided for the distribution 
of any money to the credit of this fund after salary pay- 
ments had been made. Additions to the teaching force 
must be made in the near future. Some of the classes 
are too large and must be divided. Each year brings 
some necessary expenditures that were not expected when 
appropriations for current expenses were made. A con- 
servative estimate of the total disbursement for the 
coming fiscal year—including salaries, current expenses 
connected with the College, and maintenance expenses of 
the Experiment Station—is a total of $80,000. It will 
be seen that this estimate includes no expense connected 
with the building, and equipment, of the new Chemical 
Laboratory. 


PAY-ROLL AND INVENTORIBES. 


The increase of the salary roll within the year, cov- 
ered by this report, is $1,020, or a little more than two per 
cent. The student enrollment within the same period 
has increased more than forty per cent. 

The inventories were made out early in November. 
Great care was taken to secure close valuations. There 
is an increase, amounting to $5,287.69, in the total valua- 
tion of college property. 

The following statistics are appropriately given in 
this connection. 
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THE STATE AGRICULTURAL COLLEGE. 
FORT COLLINS, COLORADO. 
November 30, 1896. 
NAMES OF INSTRUCTORS AND REGULAR EMPLOYES, WITH 
THEIR ANNUAL SALARIES; ALSO A STATEMENT OF THE 
FUND OR FUNDS WHENCE SUCH SALARIES ARE DRAWN. 


Faculty— College Fund. Station Fund. 
FANS EO TIN LISS io cte cetee elecia ticles cs on cis elcisletateiebosiereteioerotere $ 5,000.00  $ 1,000.00 
James: We LiGwrenee. fic cece science sievelsnviete nisin 2 000,00 " ieecterctarastere 
Maids SBOH sutscanznt se nacine ceseaticsicteisesoearisecttete 1,500.00) fa) emmeethiees 
TROUWIS MGs) (CATDONTET here ciciat ciceteis vie eiaisioletsiecieratelaiointe 1,500.00 500.00 
@harles=S) Crandallciccwcs exci cies cineenmsiatcre 1,500.00 500.00 
Clarence s Pa tGillette... senescent 1,500.00 500.00 
GLACEREISP VME AECON cpine cieeieis oinieretersraieluteleistacciclsteretars AHOOLO0" see taeritets sities 
WT ai Ue MOY: OL Sih. « calstetcle ctetelelptetais(cteratsiercisiere/srefale T500}00) FF eerisreccis rose 
WANICH Wet WOLVES ae ctersicie nas otslclereieteinatoeiniateeretclens 800.00 400.00 
Wells Wi. COOKE sy ergs scle- = Reis aleleramtctete ls seabiorere 1,500.00 500.00 
Wallfam) P:ileadden ere, «. <2 2seseeeeeeee eee 1,500.00 500.00 
Harry .D. Humphrey, (CU S.. cara tosrelette inte eieleiaterelololsy soley Mme Ufetctetatsteletests 
Theodosia, G. AMMONSesses 6 ich cecum tees ASB0Q/00% 9 Sscemectecnte 
Jacob Ay Christy nyse cc ccie\s oersteteeteiona renters LOO. 00) iit ecrereterenterts 

Stenographer— 

Lathrop M. Taylor ir. s ccnc«sacntecs veloc maemecmee 90000) —— ) aasnnte eines 

Librarian— 

Mareuerite H Stratton sens... cicme seceeeemets 600008 Gee ecrtacters 

Instructors— 

Corydon, As WOOGY istsc.cvsncsrenmnetere tate 1000: O00 aaaamecseiistpe(ci-1 
Wdward eM. Gra bers neccsiecisiecdonaceceee ene SOOTO0 Rae sitecisiere 
MdiwiardrB.) TOUS. cess oe acson tere eeee rene COATES 9 So ac 

Assistants— 

JAY SD Stannard... cs se. ce sean eee nee 1;000:002" 7) “Seenratecnte 
De CLAN Sc. oe tieaiastone ontcoraaa ene ee cee te 1;000:00.° Seveewemes 
Branik) l:*Watrous jscdoc.0uecccs ccceee ice 1,000.00 
Jacob Hi. Cowen. asaecie css ccesccesseskeneeeet uae e ee 1,000.00 
CHATIES 7 ERY. sis -/eicicicinis «moreso caieteiniete cere eee ee 900.00 
Hobert obi Drim ble. cacmecc cease vance acer eee eee 900.00 
ism WAS GUILE tte cis iarice smisie eftarecte cine eee nae ee eee 300.00 
MU GN Ee GLOCH ACT Grete estenen asec eee et ene 600.00. = Aisrreteenreste 
Wallen Garbe:<.c.ccne seenseue Meccan Seen eee 540.00 


Stee eeeeee 


ween enone 
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Sub-Station Superintendents— College Fund. Station Fund. 
ded oS bho aes Cul SAE UaY emaa San At noo sana h aE PIFE ES SeieoL Err Ene iaev 800.00 


Jie 2 RTE. 23 07 TN. tel caer At oR aStE Toh teste ISTE Oran MK te 600.00 
Engineers and Janitors— 
AAUCUN DEEN pohwe SoD Ki peer ceninocicoOnadenncCoene Smieame ac UUW Suc ucondso 
JOM Es Cam cron Stans meee ee eee 60000 y « cefosencees 
PANES ln,  ViCAZOY triacs canciones eer eels 54000, “s ateteeees 
CAS NE o Walesa meitacionc. canine saeicreesisles bitoerine a 540000 yw ace cieee 
Laborers Regularly Mmployed— 
INFEGM Straviersn iamorc oe re ee eae B40.00" > Arerekisiereoe 
Hiram les WLAN OWS ac tevaie tele sajeis eve cins vancsetenieereit gees 40:00. 2 Pe stearic 
ede ene ECU CC LOY jae cre.xarapete erayeveveistevalcraye aieicteisretera there ararae 540/00 wi yrsieintiene 
VOD EL ta CAMMerOMs staciatc nce cat nome reece teeta AS00008 | Siciiiseinese 
PAT VANMAMESYSV i. saverstcyetess(efajeiate/oraictesioraipiniela oaveiaclstiseyescicaee B40. 00 sc aatnosees 
OMA: CATIELOTIN ies aeiceieiieteraiieeeiete ater: ereyehevaers BANOO acseteetiees 
HINO GUM ate apere aie. xlovalutale 1s sisisisleleseloie vi stefotctereiaiarets kotstetede $ 36,260.00 $ 9,400.00 
General Labor— 
Sta ClO MMA WOR oct sieysiaceieie.ciecs sicteisioss atete tle vatar slow testetes ate SiS are itess $ 2,600.00 
COM Sew DDO Veer eieerle ois oie eictaloinsovess sustolsreyacoleteereverntece GOOL00R We ececteratcterass 
SEUCLST tals el O Ole leyetsteieiviciote/otaleiaieleleraistersreteinetebeyareersiaie [00:00 See Miers ees 
PANO Cee Meus tee oioie oie era wishes Sian Geka eigistsieisolelaveicisisiene $ 1,360.00 $ 2,600.00 
SUMMARY. 
SEVIER AGE 4.55 nono dodde One COU BU ONO ECn DODOU OOOO SCO 000 $ 36,260.00 $ 9,400.00 
ILBYDOI®’ no Gocavaseanb atop Oe OMbocnaos OD VOC Umucuo pose ouconT 1,360.00 2,600.00 
Grane “ANE oossoocubouacooodagdadcandoucdoor $ 37,620.00 $ 12,000.00 


SUMMARY OF COLLEGE INVENTORIES. 
NOVEMBER 30, 1896. 
LANDS AND ADJUNCTS— 
Two hundred and forty (240) acres of land at 
one hundred dollars ($100) per acre............ $ 24,000.00 
Trunk sewer and pipe-line for water supply.... 8,900.00 


*$ 32,900.00 


*This estimate includes numerous sewer laterals and water 
connections; a reservoir for storage of water; all other improve- 
ments on the college grounds; and ditch stock worth $2,000. 
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BUILDINGS AND PERMANENT FIXTURES— 


Main College Building............ccee scene eee neeeees $ 36,000.00 
Mechanical Engineering Building..............+.+. 21,000.00 
Agricultural Building and Creamery............+. 10,500.00 
Horticultural’ Building... sees ct.scee. ances semen 15,100.00 
Civil Engineering Building................cue ewes 9,000.00 
@Ghemicall WaavOratory cc een cece ssiinciemeten eter 5,000.00 
Building for Department of Domestic Hconomy 4,650.00 
GYECNHOUSES) ease lonse wate oiviarein cle alepeis ts crane eomniveetatetetalaienets 4,500.00 
Other buildings on the College Grounds......... 12,625.00 


DEPARTMENT INVENTORIES— 


history and: LATErature ined. onceoneaetcm matteo $ 357.00 
Pn glish and. SOCLOLOSY ssn wen crve iors tava creteieel sistatesecees 166.50 
Mathematics | ics cc iciesiees «vials, cre cjermiaieinebiatomtutnevare var Telstaters 568.60 
Military 2'SCLen C6 irc cides oars icieis vie wielev aie telererceeeeetietlatens 5,321.00 
Physiology, Zoology, and Entomology........... 5,414.31 
Mechanical Engineering and Drawing........... 9,572.90 
A STICUIPUTO I iaisiv'eioiais clove aiarsrn rete sle/olelslo Ine Ee aR e eters 4,781.75 
ELOrticulture visciesisciissssseasesp osteo sweeee eee 6,231.51 
Civil Engineering and Physics..............+0.000- 9,448.89 
WN|SMISTRY: ee sieie c’elarares cisiess ofsiciniea Seep ie een Reet ea ee 1,646.83 
Domestic: Economy,.. .>. schon ase ae eeerae 657.73 
Commenciale Department... ciscsncneneeae tees 847.19 
MISCELLANEOUS— 
President's Oftice: Now d.case) eee eee $ 2,891.73 
President’s Office No. 2.......seeccseeecresssae ee 2,375.50 
Secretary :s ‘Office, .....0.sees tte eee 579.08 
DIRector’s) OM Ce 2 concaeciarae ui ctor tye see aor 875.00 
W119) 2k Gaisas one MA SHbRT CUSER ROMA ara siicss sc cooenan 9,689.00 


Grand Total for College 


$ 118,375.00 


$ 45,014.21 


$ 16,410.31 


$ 212,699.52 
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MISCELLANEOUS—Continued. 


Total 
Total 
Total 
Total 
Total 
Total 


value 
value 
value 
value 
value 


value 


of 
of 
of 
of 
of 
of 


College property, 
College property, 
College property, 
College property, 
College property, 
College property, 


1891, 
1892, 
1893, 
1894, 
1895, 
1896, 


$144,568.98. 
$176,600.26. 
$187,847.58. 
$197,633.76, 
$207,411.83. 
$212,699.52. 


EXPERIMENT STATION INVENTORIES. 
NOVEMBER 30, 1896. 


AGRICULTURAL SECTION, FORT COLLINS— 


VATA ALI Lema CMU Waetae acai set sm eo doineleciinctesrieh eeice $ 
SSCA VGA descuccateiccsmsie cs coamneu waive eeitec hie eomals 
HORTICULTURAL SECTION, FORT COLLINS— 
TESEPUMEMES #5 cas srrciececieiso ahe oleicts Bate ie cctertncleste carte $ 
SS ULP DLL GS ira fetercistertiot nis Cievere aa cicislslorsnecseclitte keeionteelctrse ree 


SECTION 


Meteorological Instruments 
Irrigation Apparatus 
Photographic Apparatus 
Hydraulic Apparatus 
Stationery, Books, and Maps 


Miscelia 


OF IRRIGATION AND METEOROL- 
OGY, FORT COLLINS— 


neous 


ENTOMOLOGICAL SECTION, FORT COLLINS— 


Laboratory Supplies 
Entomological Supplies 


Insecticides and ApparatuSs.......... CIPUCIISEC ICO LO 


Apiary Supplies 
Microscopical Apparatus 


Total for Home Station 


677.10 
84.00 


143.95 
530.94 


531.35 
219.65 
110.58 
94.60 
17.66 
73.85 


83.95 
47.55 
117.65 
149.20 
335.00 


43 
$ 761.10 
$ 674.89 
$ 1,047.69 
$ 733.35 
$ 3,217.08 
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ARKANSAS VALLEY STATION, ROCKY FORD— 


Two hundred (200) acres of land.......-++.+s++++- $ 8,600.00 
Water Rights and Apparatus......serseseeeereees 1,873.00 
Buildings and Fencing....-.-....eeeeeeee rece eee eeee 2,326.00 
TuAW.6) SE OCIE Sate care stereo etole,oleleceicrorere ie etole etis/ets] ateein nisin tavovale rare 346.00 
Farm ImpleMents........sccceceseeeec eee esseseeceee 590.20 
Farm Products on Hand.......ccccsseeeessceecscees 701.46 
$ 14,486.66 
SAN LUIS VALLEY STATION, MONTE VISTA— 
One hundred and sixty (160) acres of land...... $ 2,110.00 
Twenty (20) inches water in Rio Grande Canal. 300.00 
Buildings, Fencing, and Well............scesecees 1,497.00 
Horses, Wagon, and Harness)... 5... ccsecns cies ete 205.00 
Barr: Tm plem Sues aww cori wis'acaicerel peisielais ate cits talotstele(e 170.15 
WAT Products OM MELA ene ssn etestetletrestsreieteleieeren) 46.70 
Nine (9) Berkshire THOgeS iis snicsnte case vetsiotisi= sielelelsiore 135.00 
$ 4,463.85 
DIVIDE STATION, MONUMENT— 
Morty: (40) acres: Of “Tam yen. wcineineenteneeiete stellate $ 200.00 
FBUAVGUN RS ove sac. esielerviotelel meee eae Ain ess oun ee ae DOE Ia ance 800.00 
$ 1,000.00 
RAIN-BELT STATION, CHEYENNE WELLS— 
One hundred and sixty (160) acres of land....... $ 220.00 
House, Barn, and? Mencingec...1-ce eae eee 1,565.00 
Horses, Wagon, and Harness)... seeseecneneetn 130.00 
Harm: Implements.o5.04cc. ssi eee eee En eeee ee 165.38 
Farm Products and Supplies On <Hande scence 91.70 
$ 2,172.08 
Total, Sub-Station Property,...ss.c eee eee ee Renee $ 22,072.59 


Grand Total Experiment Station Property, 1896, $25,289.62. 
Grand Total Experiment Station Property, 1895, $27,086.78. 
Grand Total Experiment Station Property, 1894, $29,797.18. 
Grand Total Experiment Station Property, 1898, $25,037.12. 


PERMANENT IMPROVEMENTS. 


Few improvements to the college grounds have been 
made within the year. In fact they were not needed. The 
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land upon which the operations of the agricultural and 
horticultural departments are conducted is always in a 
sightly condition. The college campus—that portion of 
the grounds upon which the college buildings are located 
—is made very attractive looking, particularly in the 
summer season, by the skill and energy of the florist. 
The manner in which our grounds are kept reflects credit 
upon those whose duty it is to oversee them. 

The special 10,000-dollar appropriation, made by the 
State Legislature in the spring of 1895, for permanently 
improving the real property of the College, was not ayail- 
able for that purpose until the summer of 1896. The 
whole of that appropriation has been spent to the best 
advantage. 

The permanent improvements made within the year 
now closing are herewith summarized: 

Stone floor in the basement of the Main Building..$ 100.00 
Additional plumbing in the Domestic Economy 

RES TULCLLIN SIV ardettcsataretorsis he ciale elle earsiore scleeveiare tet tare totetereore eee 225.00 
Remodeling the College Barn...........ccceccssccsecs 450.00 
Greenhouses adjoining the Horticultural Building. 2,788.00 
Stone floor in the Forge Room of the Mechanical 


Mreineering. Ei aine .. ccc asicalarsccvteiciossee asec weiss cars 141.00 
Additional heating apparatus in Mechanical En- 

ATMS STS ULL TAS aieroic slerareisiersie cielaloiaieratelstlotsioreelere/eveinteielele 419.00 
Additions to Mechanical Engineering Building..... 4,728.00 
New Chemical Building (partly estimated)......... 2,500.00 

“inten! Gani Boo CeGenOnoD OU DCUCOUDOUOCUUOSACCOUSCOUU OOUORTOC $ 11,351.00 


The total of ali sums expended in permanent im- 
provements, for the two years ending November 30, 1896, 
is $18,721. 

Something relating to these permanent improve- 
ments, more in detail, may have interest to some. The 
stone paving in the Main Building was laid in the base- 
ment hall, leading to the Armory, which before was a 
mass of patch work. The plumbing work in the Domestic 
Economy Building was a rearrangement of the hot-water 
pipes and the putting in place of bath-tubs for the use 
of the women. The iron roof of the barn has been re- 
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placed by shingles and the general appearance of the 
building much improved by the addition of a cupola and 
two large dormer windows. 

Other improvements on the College Farm, not be- 
fore mentioned because their cost was met from the de- 
partment appropriation, are changes in the basement of 
the barn better to adapt it for use of stock; pens and 
sheds for sheep used in feeding experiments; and pens for 
the accommodation of a large number of pigs. These 
extra improvements cost about $350. 

The new greenhouse recently completed is one wing 
of a plan which contemplates the addition, at somefuture 
time, of a palm-house, and a second wing similar to the 
one built. Its construction is such that the other parts 
can be added at any time. 

The structure is 25x50 feet and consists of a wrought- 
iron frame securely bolted to cast sills which cap, and are 
supported by, brick walls rising from a stone foundation. 
The frame carries the heating pipes and also the shaft- 
ing from the self-locking ventilating machines. The glaz- 
ing strips are of clear Gulf cypress, fitted to special cast- 
ings at either end, and firmly fastened to iron purlins. 
The house is provided with non-freezing gutters and is 
glazed with the best greenhouse glass. The benches are 
of iron, with porous tile bottoms and cypress sides. Two 
lines of sash at the sides, and two at the ridge are con- 
nected with geared machines which give perfect control 
over ventilation. 

The frame of the house possesses strength, and at 
the same time offers little obstruction to light. In plan 
and details the structure is modern; embracing the best 
that is known in greenhouse construction. It was pur- 
ne of the Lord & Burnham Company, of New York 

ity. 

In addition to this greenhouse there has been added 
a forcing-house, 20x50 feet, made of cypress frame rest- 
ing upon brick walls, and a glass connection between the 
forcing-house and the laboratory which is 14x14 feet. In 
this latter house the sides are carried perpendicular to 
the height of nine feet, affording space for tall plants. 
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The main portion of the Mechanical Engineering 
Building was increased by an addition running westward 
a distance of 70 feet. The addition is two stories high, 
with an attic for storing lumber and other supplies. On 
the ground floor, at the west end, is a well-lighted class- 
room. This class-room is supplied with models and draw- 
ings for illustrating the work in mechanical engineering. 

The remaining part of the addition unites with the 
older part of the building thus forming the machine room. 
The entire second floor is used by the wood-working 
classes. Here have been put in place twenty new wood- 
working benches, each with its complete set of tools. 
There is accommodation here for forty-five students at 
onetime. The forge room has been enlarged and its floor 
covered with stone flagging. It is now 46x35 feet and 
gives ample space for twenty-five workers. The latest 
overhead system of the Buffalo Forge Company is used. 
The foundry improvements consist of new moulding 
benches, with cast-iron brackets, conveniently arranged. 
Twenty adjustable tables for use in freehand drawing 
and fifty individual tables for use in mechanical drawing 
have been placed in the draughting room. 


CHEMICAL LABORATORY. 


The need of a better building for the use of the 
Chemical Department has long been recognized. The 
building in which the chemical work of the College and 
Station is now done is one of the oldest on the college 
grounds. It could not be put in proper shape to meet 
the present wants of the department. 

Under the head of “Needed Improvements,” the Com- 
mittee on College Buildings and Permanent Improve- 
ments, in a report to the Board, June 5, 1896, said: “First 
and foremost among these is probably a chemical labora: 
tory.” * * “It is, therefore, recommended by your com- 
mittee that plans be drawn, and contract let, for a chemi- 
cal laboratory on a scale commensurate with the needs 
of the Chemical Department.” The report from which 
these extracts are taken was signed by A. L. Emigh and 


J. E. Du Bois. 
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After the unanimous adoption of the report, the loca- 
tion of the proposed building was fixed at a point south 
of the Main Building. Then, the same committee was 
instructed to secure plans and specifications for the build- 
ing and to have the same ready for board consideration 
in a special meeting to be called for that purpose. 

The special meeting was held July 30, 1896. Archi- 
tects Harlan Thomas and Richard Phillips, of Denver, 
were present and, upon request, presented their plans for 
the new building and explained them at some length. 

Mr. Thomas’s plans were accepted, after which the 
following preamble and resolutions were unanimously 
adopted: ; 


WHEREAS, The Board has adopted the general plans for 
a Chemical Laboratory presented by Harlan Thomas, Architect; 
therefore, 

Resolved, That the Committee on College Buildings and 
Permanent Jmprovements be, and the same is hereby, instructed 
to secure from said Thomas detailed drawings and specifications 
for said Chemical Laboratory, and that thereafter said committee 
shall advertise for bids for the construction of the building in 
conformity with said plans and specifications. 

Resolved, further, That said committee shall have power to 
accept the lowest and best bid for the construction of the build- 
ing and shall have power to arrange for its proper supervision 
when in course of construction; and be it further 

Resolved, That said committee shall so arrange the terms 
with the successful bidder, or contractor, that the payments shall 
not be completed prior to September 1st, 1897, and that not to 
exceed $6,000 of the total contract price for the erection of said 
building shall become due and payable before April 1st, 1897. 


Resolved, finally, That it is the purpose and intent of the fore- 
going resolutions, except in the cases specified, to confer upon the 
Committee on College Buildings and Permanent Improvements 
full authority and power to proceed as soon as practicable with 
the construction of said Chemical Laboratory and to control the 


work on the same until its completion, and acceptance by this 
Board. 


By readjustment of the Board committees, made 
necessary by resignations and the election of new mem- 
bers, the committee referred to in the resolutions quoted 
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was as follows: James E. Du Bois, Alston Ellis, and 
A.S. Benson. The Committee received the following bids 
on September 23, 1896 :— 


Total Carpenter Stone 


Names of Bidders. Price. Work. Work. 
Jem OS NOTIN Ee ser aciss doeieeieictr# 6 2298000 $e ails 550S008) Simmer ection: 
Einaml Pierce (a)e... ..1sasderck 21,000.00 HERS ODUOs - Benbesouce 
AKON ES MESO lly saohaae non as teen QUSZ0000" > Petersen siecle Loasecmmicaee 
| tab bi cyt aM bhal ies pert dace ace GAaAneS 21,323.00 14,138-00 sna e eens, 
SW iscrdinpes EXAMI. ccctayeyetatcro clare eisisrevenerae 20,745.00 95994 OO aclstaseitare 
Brown & Schrepferman (b).. 22,084.00 LE TIOUOOL Faker cres es 
Frank Anderson (c)........... ZO AOC OVEAT Sotawaceve  , stihepiarecy 
HEPA CK Ovid Sr COMMA vaccen crete scee ae usiceteeniere 11,750.00 
AWelliterriae IMVOU CALE msctcrtemertciecten « isla cidesel  iseisiiaee ss 10,285.00 


(a) Wiring excepted. (b) With cement, $375 extra. (c) With ce- 


ment, $46 extra. 


“The contract was awarded to Frank Anderson, of 
Denver, at his bid as before stated. The contractor en- 
_tered into bond with the committee, acting in the name 
and by the authority of The State Board of Agriculture, 
in the sum of ten thousand dollars ($10,000), conditioned 
on the faithful performance of all work in conformity 
with the plans and specifications, which were made a part 
of the contract. The sureties on the bond, aforesaid, are 
C. D. McPhee and J. J. McGinnity, both of Denver. 
Ground was broken Wednesday, October 14, 1896, and 
the work of excavating was pushed rapidly. 

The ground about the college buildings is. not the 
best upon which to erect heavy structures. It was found, 
when the depth designated in the plans was reached, 
that the character of the earth gave doubt as to its fit- 
ness securely to sustain the weight of the building. After 
careful investigation it was decided to put all doubt 
aside by sinking the foundation to a greater depth. An 
addition to the original contract clearly specifies the na- 
ture and amount of the added work and the amount to 
be paid therefor. The stronger and deeper foundation, 
deemed to be advisable, will add about $1,000 to the cost 
of the building. 


4 
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For the brief description of the building herewith 
given, I am indebted to the architect: This new labora- 
tory building is designed after the French Renaissance 
style of architecture, with the individual grace and pic- 
turesque effect of the old French chateaux. It appears 
in pleasing contrast with the Romanesque structures in 
the midst of which it is erected. It is constructed of 
red sandstone rubbed and smoothed. In the interior ar- 
rangement, convenience and facility for carrying on effi- 
cient chemical analysis are kept in mind. 

To the left of the main loggia, on the first floor, 
is the professor’s suite of rooms, including office, bal- 
ance room, and private laboratory—the latter being pro- 
vided with hoods and direct communication with a stor- 
age room in the basement. 

To the right, the stairway leads to an entrance on 
the second floor. Here are the assistant’s quarters— 
office; experiment station laboratory, with balance room 
and hoods; storage room; and nitrogen room containing 
two hoods. 

Directly in front of the main entrance to the loggia, 
is the qualitative laboratory, 30x38 feet, supplied with 
working desks large enough to accommodate thirty-two 
students. This room is provided with nine hoods, stor- 
age room, and balance room. This room being an inside 
room, is lighted by a large skylight in the roof—a su- 
perior system of lighting when the work to be done is 
considered. 

To the left of this laboratory, and behind the pro- 
fessor’s rooms, is the quantitative laboratory arranged to 
accommodate twelve students. It is furnished with six 
laboratory desks, two hoods, and a balance room. 

All laboratory desks throughout the building are 
made of quarter-sawed oak tops and butternut sides, 
doors, drawers, etc. The sinks are placed at the sides of 
the laboratories. Each desk is provided with gas and 
water supplies; also a 2-inch waste, flush with the top 
of the desk and supplied with a rubber plug. This waste 
takes the place of sinks in the desk and eliminates much 
uncleanness usually connected with the work. The hoods 
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are furnished with gas and water supplies; also with 
strong draft accelerated by hot-water coils placed in large 
vent stacks. 

The second floor of the building is arranged into two 
lecture rooms, each about 26x46 feet. The chemistry lec- 
ture room is connected with the apparatus room by a 
large hood, provided with slides on both sides, making 
the transfer cf apparatus rapid and convenient. There is. 
connection, also, with the museum and chemical cabinet. 
The geology lecture room is connected with microscopical 
room and the museum. The basement is used principally 
for storage and heating purposes, gas generation, and 
some analytical work. 


LIBRARY. 


I quote what I said recently in my report to the State 
Superintendent of Public Instruction and make some ad- 
dition thereto :— 

A valuable means of general culture is found in the 
library, whose large and well-selected stock of books is 
within reach of students at all seasonable times of the 
year. The sui spent in support of the library, exclusive 
of the librarian’s salary, within the last year, is not less 
than $38,500. Through the painstaking effort of the 
Faculty Committee on Library, the book purchases have 
brought to the library shelves a large number of choice 
and standard works at a very reasonable cost. The num- 
ber of periodicals has been -judiciously increased. New 
shelving to furnish room for the large increase of books 
has been put in place and a basement room fitted up for 
the same purpose. Available space for a further exten- 
sion of library accommodations is not to be had in any 
of the present college buildings. These are already oc- 
cupied from basement to garret by departmental classes 
and equipment. A library building is a need that all 
recognize who have occasion to use or inspect the cramped 
quarters in which the library is now housed. The growth 
of the library in the number of bound volumes is shown 
in the following tabular statement. The year 1891 is 
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made the starting-point, at which time the library con- 
tained 3,246 volumes :— 


ARO. "Total VOUUIMES oc a ...c.cce (pie oars ieoce one oie niejeloiielnieis y wist eiarenn in 3,246 
1892; ACCESSIONS, <.:010 <n LelelstelWeiae wterese aieisis clejsiele mn1e)s)6/al0)slelqnisislsie sieisic 887 
1893. ACCESSIONS <6 o,cec:s\ais,o:0sioi0.0'0:5 ator oiv/einiojelsva.nimieruleie ialotnle/ etekalaletoin sity 162 
4894, A GCESSIONS§ sii o:5cv05:dieroie s.eisieisis oie 0 pS ele olelvielp ainivly weinsze/siaienesis ie 178 
A895. ACCESSLOMS  cisiccicicjec sisjaisteciniere « stejainieisie’n/slarelefe els \eln\sielelsioiaieieiniers 763 
PROG. ACCESSIONS case's ce /deais wn ev ceise slp pce Aleta eb e ai hie oie cu ee NaS 3,363 
Total bound volumes November 30, 1896..............se00- 8,599 


There are probably 10,000 pamphlets, of more or less 
value, belonging to the library. It is hoped that some 
means will be found for binding the most valuable of 
these and thus make the information they contain ac- 
cessible and serviceable. : 

The Dewey Decimal System of classification is used. 
The books are divided into ten general classes, as fol- 
lows :-— 

000. General works (periodicals, encyclopedias, etc.). 

100. Philosophy. 

200. Religion. 

300. Sociology. 

400. Philology. 

500. Natural Science. 

600. Useful Arts. 

700. Fine Arts. 

800. Literature. 

900. History, including biography, and travels. 

These ten classes are divided and subdivided to an 
extent needed in a general library. 

Good order in the library is preserved at all times. 
This is not a matter of difficulty, but it absorbs much of 
the librarian’s time and retards the proper handling of 
the large number of books purchased within the year. 
When the work of cataloguing, now under way, is com- 


pleted the matter of finding any book in the library ph 
be attended with no difficulty or delay. 


COLLEGE THXT-BOOKS. 


Text-books, drawing material, and some stationery 
are sold, to students, under college authority. This is no 
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“money-making scheme” by which students are forced to 
add to the college revenue. On the contrary, the plan 
of text-book supply now in operation requires careful 
oversight to save the College financial loss. 

A careful estimate of the books and supplies needed 
for student use is prepared. Purchases are then made 
from the publishers, or wholesale houses, on the best 
terms securable for cash. The selling price for all sup- 
plies te be furnished students is reached by adding ex- 
press and freight charges to the original bills. In this 
way students secure their books, and other supplies 
handled, at their actual cost to the College. The saving 
to the students, by the plan in vogue, is not less than 30 
per cent. Another benefit derived from the plan is hav- 
ing the books—and the desired edition of the same—when 
they are needed. 

Two summaries of text-book inventories have been 
prepared since the last report. They are as follows :— 


JUNE i, 1896. 
Sold. Inventoried. 


SSC = DOOKSS  meicblec oers as wana sis aries tareercke ets $ 353.65 $ 784.10 
TOR AW AMS SUD DLL Oss eteietelelelelelam eleiatciaterelelelelefetetsisis 275.42 209.60 
ES IOMOEY Scociratisetetsicis es aerbaislanaysrentinraictarols 54.45 14.10 

EO Lally ac aien aera taacres ests teisele Saisreremiorlelscels $ 683.52 $ 1,007.80 


NOVEMBER 15, 1896. 
Sold. Inventoried. 


FRET DO OIKS ani eieitcieia terete aeinecteels WVazarelsieistaltetctss sie $ 794.95 $ 1,630.95 
DrAWiINS SUP PILES. tere wrslaleretelareistelsiois/ois/e'elsia)eisie)-)0 86.85 ' 444.95 
Siena lonevneany apnoogsycocoombooobeaTUsd Wisyeisrereyaieiae 79.07 181.40 

4 Way tel Lay \ Satie Soe Comb anOrnBOOO cena oaaOpdoCe) 960.87 $ 2,257.30 


I have paid to the Secretary of the Board the sum of 
$1,644.39 and hold his receipts therefor. 


ENROLLMENT OF STUDENTS. 


Since the last report, there has been a gratify- 
ing increase in the number of students enrolled. This 
is but one of the many testimonies of the rapid 
growth of the College. It is doing a work that is grad- 
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ually but surely becoming better understood and more 
highly valued by our people. The result of such knowl- 
edge is the increased attendance of students and the 
larger number of counties represented therein. 

The college-year of thirty-nine weeks is divided into 
three terms of equal length. The Fall term, that opens on 
the first Monday of September, closes at the time when 
the annual report is written. The enrollment statistics 
for this term—covering a period of five years—are here- 


with given :— 
Year. Males. Females. Total. 
1892 127 36 163 
1893 93 37 180 
1894 148 57 205 
1895 144 62 206 
1896 202 88 290 


The 290 students, registered in the Fall term of 1896, 
represent eleven states and one territory, as follows :— 

Colorado, 270; Wyoming, 5; Kansas, 2; Missouri, 2; 
Wisconsin, 2; California, 2; Iowa, 1; South Dakota, 1; 
Illinois, 1; Ohio, 1; North Carolina, 1; New Mexico, 2; 
Total, 290. 

The students from Colorado represent twenty-seven 
counties as herewith shown :— 

Arapahoe, 10; Boulder, 13; Chaffee, 11; Clear Creek, 
2; Conejos, 2; Delta, 8; Douglas, 1; Dolores, 1; Eagle, 5; 
Elbert, 2; El Paso, 1; Fremont, 8; Garfield, 2; Grand, 2; 
Gunnison, 3; Huerfano, 3; Larimer, 168; Las Animas, 2; 
Logan, 1; Mesa, 1; Montrose, 1; Otero, 3; Ouray, 1; Park, 
2; Routt, 2; Saguache, 1; Weld, 14; Total, 270. 

The total enrollment for the term named is divided 
among the different college classes as follows :— 


Preparatory class... .cdewneestns «lo. tee eee Ree RE 17 
Sub-Freshman Clags...,.00. ay. ..0... Sse 41 
Students classified as irregulars..........ccccsecceeseeees 26 
Students in Commercial College..............sececeeeeess 80 
Mréshman: Classi...) ssncceeeseean cise eee 55 
Sophomore Class, . «acca. semesters nice center Meee eee 31 
JUNIOT «CLASS ww.eie.s)..5-)5 honors nnve tee «0 + a noe EE REE 25 
BONO’ CLASS. ov... successive Meets ok oe ieee Coenen eee 15 
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The college-year closes with the exercises of “Com- 
mencement Day” in June. The enrollment of students 
and the number of graduates for each year since the 
opening of the College are shown in the table that fol- 
lows :— 


Year. Males. Females. Total. Graduates. 
1880 14 11 25 0 
1881 35 22 57 0 
1882 49 BY, 81 0 
1883 50 31 81 0 
1884 40 37 77 3 
1885 50 46 96 6 
1886 45 42 87 a 
1887 63 42 105 4 
1888 71 38 109 4 
1889 73 34 107 2 
1890 56 18 74 G) 
1891 77 29 106 3 
1892 101 45 146 t 
1893 135 44 179 7 
1894 142 56 198 7 
1895 164 66 230 13 
1896 161 71 232 12 
1896* 202 88 290 0 


A large attendance of students is but one evidence 
of College growth. There is danger that the desire to 
secure students may be too eager, leading to the admis- 
‘sion to college classes of persons insufficiently prepared 
for the work. Quantity counts for much; quality should 
count for more. The influx of a large number of in- 
adequately prepared students into the College sends 
threads of demoralization through the whole fabric. 

Our desire is to secure students who are prepared 
for our work and are willing to do it. Experience shows 
that willingness to do work is at least equal in importance 
to the ability to do it. Every year brings us some stu- 
dents who fail to make class standing because they can 
not be induced to make use of the natural powers of 


* Fall term ending November 30, 1896. 
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mind they possess. Laziness, shiftlessness, and indiffer- 
ence are not common words in our college vocabulary. 
The student’s disinclination to work, where it exists, is 
not the outgrowth of college environment; but is a pro- 
duct he imports from former associations at home. 

The work of every college department is planned to 
give those who undertake it but little time for anything 
else. The person who comes to the College in expecta- 
tion of “joining” every organization that student in- 
' genuity can devise will soon, after arrival, find himself 
relegated to the tail of his classes. The student who is 
“Jack-of-all-plays” is rarely master of any of his lessons. 

I have no space in which to discuss the relative merits 
of large and small colleges, as the terms are usually 
understood. The subject is broad enough to admit of 
something being said on both sides. The advocates of 
the small college are usually found to be connected with 
one. My own opinion is that there is a healthy limit to 
the enrollment record of an educational institution—that 
limit being pushed up or down according to circum- 
stances. 

Under what I might call normal conditions, a col- 
lege enrollment of over five hundred students would not 
be desirable. I have seen high-grade scholastic work 
done in an institution that could not assemble two hun- 
dred students at general exercises.. Take an institution 
with one well-planned, fairly-comprehensive course of 
study—give it two hundred students classified substan- 
tially as follows: Freshmen, 80; Sophomores, 60; Jun- 
iors, 40; Seniors, 20—provide a capable teaching force 
large enough to secure the necessary sub-division of 
classes; and some conditions are present highly favorable 
to educational growth of the best kind. 

Ideal conditions cannot often be secured. Our arrange- 
ment of college work and classification of students, while 
not beyond just criticism, perhaps, are productive of good 
results. The educational work could be improved by a 
closer classification, one that would compel some to take 
the work of a lower class and exclude others from college 
work altogether until ampler preparation be made. 
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COURSES OF STUDY. 


The College offers students a choice from five distinct 
courses of study, namely—Agricultural; Mechanical En- 
gineering; Civil and Irrigation Engineering; Ladies’; and 
Commercial. These courses, with the exception of the 
one last named, require four years’ uninterrupted work 
for their successful completion. Students who complete 
either of these courses to the satisfaction of the college 
authorities receive the degree of Bachelor of Science. Post- 
graduate work is required for the degrees of Civil En- 
gineer and Mechanical Engineer. The course of study in 
the Commercial Department covers a period of two years. 
This course provides for systematic work in all branches 
usually taught in the best business colleges of the coun- 
try; and, in addition thereto, makes provision for much 
instruction in branches which properly belong to a gen- 
eral educational course. It is not the aim of the Com- 
mercial Course to attempt to fit students for bookkeepers 
and stenographers in the shortest possible time. Ex- 
perience has clearly shown that persons of limited edu- 
cation, who take business courses, invariable fall into the 
lowest class of workers. The student who completes 
the two years’ course is qualified to discharge the duties 
of a bookkeeper, private secretary, and shorthand amanu- 
ensis. Tuition in the classes of the Commercial Course, 
as in all other departments and classes of the College, 
is free. The needed text-books and materials are sup- 
plied to students at actual: cost which, owing to the 
manner of purchase, is below the usual wholesale rate. 

The Department of Domestic Economy began with 
the Fall term of 1895. The work of the new Department 
adjusts itself naturally and easily to the conditions un- 
der which all college work is prosecuted. There is no 
conflict of classes. Nearly.all the lady students have 
taken up the work of the Department. There is promise 
that this work will be an interesting, a profitable, and 
a popular part of the instruction of the students who 
take the “Ladies’ Course” in the College. 
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The course of the Preparatory Department has been 
rearranged so as to make provision for two years’ work. 
The work of the added class—the Sub-Freshman—in- 
cludes some formerly required of the Freshman class. 
The present Preparatory class has the work usually in- 
cluded in the course for eight-year pupils in the common 
schools. Owing to the small attendance, and the excel- 
lent facilities for instruction, the members of this class 
have special advantages for prosecuting their studies. 
Then, too, they have access to the library, attend general 
exercises daily, and profit by the general management 
under which students are taught to respect, and yield 
obedience to, reasonable, lawful authority. 

In the term just closed, classes in German, Latin, 
and Greek were organized. This action was taken in 
response to a call that it was thought best to heed. I 
am much pleased with the work that has been done. The 
number of students studying these languages is as large 
as was expected. Their instruction makes no interfer- 
ence with the regular scheduled work and entails but 
little expense upon the College. — 

The stress of future effort in the educational work 
of the College should be in the direction of making that 
work as now planned and in operation more efficient. 
There is no pressing need of new departments of instruc- 
tion. The field now occupied is broad enough; the want 
of more thorough cultivation is the one most clearly in 
sight. 

The books of the library are an educating force act- 
ing beneficially upon such students as are not afraid to 
handle them. If there was need of any large additions 
to their number, space is not to be had for their proper 
keeping. This condition of affairs suggests that the 
library appropriation for the coming year be made about 
sufficient to meet the cost of periodicals taken and book 
binding needed. 

The teaching force in the Commercial Department 
must be increased. Possibly the present arrangement can 
be continued until the close of the college-year. The pres- 
ence of eighty students in that Department calls for more 
room and additional teaching service. 
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It is my hope to see more effective teaching in all 
branches that give general culture. Specialization should 
follow, not precede, the acquisition of that knowledge 
that is said to be common but which is sometimes so wn- 
common. The illegible manuscript, the bad spelling, and 
the incorrect language of the student can not be con- 
doned because he is able to show some familiarity with 
the terms used in science or mechanics. The most prac- 
tical education that can be gained is that which enables 
its possessor to acquire the printed and spoken thoughts 
of others and to give expression to his own in correct 
English. 


THE MOST EVIDENT NEEDS. 


A profitable use could be made of a largely in- 
creased revenue. Many thousands of doliars could be 
spent in the erection of new buildings, supplying the 
scientific departments with much-needed apparatus, add- 
ing to the treasures of the library and museum, and mak- 
ing experimental work more far-reaching in its results. 
State pride and a wise financial policy might well unite 
to sanction the appropriation of liberal sums for the bet- 
ter endowment and support of all our State institutions 
were the money requisite within legislative reach. Pos- 
sibly those in control of these institutions realize as 
keenly as the lawmakers themselves the futility of mak- 
ing any large demands upon the public treasury at this 
time. Some of the needs most pressing are stated :— 

1. Completion of the new Chemical Laboratory. 
2. Better quarters for the Commercial Department. 

3. A new Library Building. 

4. A Central Heating Plant. 

5. An Hlectric Light Plant. 

6. A Dairy-House with all necessary appliances. 

7. A new building for the Department of Zoédlogy and 
Entomology, with proper quarters for the College Museum. 

8. Rooms for the College Literary Societies. 

9. An Assembly Room suitable for Chapel and General 
Exercises. 

10. An Armory, a Drill-Room, and a Gymnasium com- 
bined. 


60 EIGHTEENTH ANNUAL REPORT 


However desirable, and even necessary, all these im- 
provements are, it is well understood that most of them 
can not be secured now; perhaps, not in the immediate 
future. An appropriation of $30,000 by the General 
Assembly, at its next biennial session, will suffice to meet 
the needs recognized, by those in control of the College, 
as most urgent. 

The support of The State Agricultural College has 
not entailed a heavy tax burden upon the people of Colo- 
rado. Since the organization of the College, more than 
eighteen years ago, the State has made special appropria- 
tions in its behalf of just $49,500.00. These appropria- 
tions have been used solely for improving the real prop- 
erty belonging to the State of Colorado. At the time of 
the writing of this report, the State owns grounds and 
buildings, in the vicinity of Fort Collins, conservatively 
valued at $150,000.00. The departmental equipments 
with the library books are not worth less than $60,000.00. 
The experiment station property foots up a total valua- 
tion of over $25,000.00. The State, then, has something 
to show for the regular and special appropriations it has 
made for the College. 

The best results of the expenditure of State money 
for college support is seen in the better equipment for life 
given hundreds of young men and women. 


CONCLUSION. 


There is no general consensus of opinion, even on the 
part of those engaged in it, as to what the work of an 
agricultural college should be. Undoubtedly, the present 
workings of the College are a decided evolution—shall 
I say revolution ?—from those that met with the approval 
of the first governing boards. The thought uppermost in 
the minds of the first Board members, as I interpret it 
from their official reports, was the founding of a school 
where theoretical and practical agriculture should be 
taught. The idea of promoting “the liberal and practical 
education of the industrial classes in the several pursuits 
and professions of life’ was not made prominent by the 
course of study they authorized. Yet they builded 
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wisely; with limited resources they restricted their efforts 
to that line of work which congressional legislation had 
given most prominence. They could not with certainty 
look far into the future. No true image of the present 
could be seen in the unpretentious beginning of eighteen 
years ago. One small building, three instructors, twenty 
students, and a few hundred dollars of revenue did not 
give any sure promise of the present status of the College. 

There is plenty of evidence to attest the fact that, 
with all the changes made in our scheme of instruction, 
the agricultural phase of education has kept the upper 
place. The most costly and beautiful buildings on the 
college grounds to-day are those devoted to the great 
interests of agriculture and horticulture. The new build- 
ing, now in course of construction, will be the handsomest 
one on the campus. There is no thought of using any 
part thereof, save for instruction and experimental work 
in those sciences with which agriculture has so much to 
do, i. e., chemistry and geology. 

Irrigation is so closely related to agriculture in Colo- 
rado that its intelligent study may well engage the atten- 
tion of those who design making the cultivation of the 
soil a means of gaining a livelihood. Our Irrigation En- 
gineering Building, with its elaborate and costly equip- 
ment, does not testify to any purpose of weakening in- 
struction of most service to the farmer. Yearly, the most 
liberal appropriations of money made by the Board go to 
those departments of the College whose work touches 
most closely and vitally that first and most important oc- 
cupation of men—Agriculture. 


Respectfully submitted, 


ALSTON ELLIS, 
PRESIDENT. 
Fort Collins, Colorado, 


December 9, 1896. 


ADDENDUM. 


Everything connected with the early history of the 
College is, even now, possessed of more than passing 
interest. That interest will increase with time and the 
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more rapid growth of the College. I am fortunate in 
securing a newspaper copy of the Board’s First Annual 
Report. «Its publication will serve to make the report 
record of the College more complete and for that reason, 
and the additional one that the report itself presents 
matters of moment, I recommend its publication. 

The brief letters of the first President and the first 
Secretary of The State Board of Agriculture are freighted 
with interest and may well find a place in this year’s 
report. They were written at my solicitation. All these 
form an important contribution to college history. 
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REPORT 


OF THE 


STATE BOARD OF AGRICULTURE. 


(October 27, 1877.) 


HON. JOHN L. ROUTT, 


Governor of the State of Colorado: 


Sir: In compliance with Section 10 of the law creat- 
ing the “State Board of Agriculture,” I have the honor 
to submit the following report :— 

At the first meeting of the State Board of Agricul- 
ture the title to the college lands was not vested in the 
State. I am now able to report that the title to two 
hundred and forty (240) acres of land is vested in the State 
Board of Agriculture, and their successors, in fee simple. 

Owing to the fact that the Agricultural College of 
Colorado is an institution to be erected and operated in 
the future, I am unable at this time to make a report 
covering the wide range which the law contemplates when 
the College shall be in full operation. 

At the first meeting of the Board, the President and 
Secretary were appointed a committee to receive and 
care for the personal property belonging to the College. 
That duty has been performed, and a report thereof pre- 
sented to the Board. With the consent of the Board, 
President Watrous was made temporary treasurer of the 
_ fund received from the “Board of Trustees” of the Agri- 
cultural College, and at the Meeting of September 11, 
1877, he submitted the following report of the fund in his 
hands, to-wit :— 
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RECEIPTS. 
March 26th, 1877—Received of B. T. Whedbee, for- 


mer Treasurer of the Agricultural College, one 


NGWS OL Wad LOM eer cvileieis «croc creielece sins cielaysieian wielataysi Nieto as $ 


April 5th, 1877—Received of W. C. Stover one year’s 
interest on the ADOVE NOtE......cerecreesecenseees 
July 6th, 1877—Received of Charles Ramer for hay 


cut on college 1and..........seeccceseeceeeeeecereees 


DISBURSEMENTS. 
March 19th, 1877—Paid W. F. Watrous’s bill for 


expenses to Denver to attend the first meeting 


OL THE, BROBL A. 6 os cies ecanisnleraeinin wreaks seiela letter ietet ratte $ 


April 30th, 1877—Paid H. Stratton’s bill for expenses 
to Denver to perfect title to college land........ 
May 26th, 1877—Paid to H. Stratton for stationery 
for, Secretary’s Of COs...) .\..06 nein ne nettle tei leinieieleie sis 
May 26th, 1877—Paid for telegram............cee.+.00e 
April 28d, 1877—Paid W. F. Watrous’s bill for fur- 
nishing and setting 152 cottonwood trees, at 


20 cents each 


June ist, 1877—Paid J. M. Galloway for abstract 
to college lands 


June ist, 1877—Paid for postage and acknowledging 
deed 


July 20th, 1877—Paid W. F. Watrous’s bill of ex- 


penses to Greeley to obtain signature to deed.. 


GHNERAL NOTES. 


417.24 


75.10 


6.00 


12.00 


20.00 


5.00 


2.00 


30.40 


12.00 


15 


6.00 


$ 498.34 
$ 88.15 
410.19 


The past season has been one of unusual prosperity; 
and the farmer has been blessed with bountiful crops. 
The weather during the last part of February and the 
entire month of March was very mild and pleasant, which, 
combined with the fact that a large portion of the wheat 
ground was plowed last fall, enabled the farmers to put 


eer” 


CIVIL ENGINEERING BUILDING. 
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in their wheat a month earlier than usual. During the 
months of April and May the temperature was quite cool, 
with sufficient rainfall to push the small grain crop for- 
ward with a vigorous growth, while the corn was very 
much retarded and hardly commenced growing until the 
warm weather of July and August; but the continual 
good weather of the fall gave ample time for the crop to 
mature. 

The wheat crop, as far as I have been able to learn, 
has surpassed any crop ever grown in Colorado. The 
average yield is very large and the wheat is of superior 
quality. Quite a large number of farmers in Larimer 
county have threshed 40 to 50 bushels to the acre as an 
average for their entire crop. The wheat crop has been 
remarkably free from rust; while the smut has affected 
some fields badly. 

There seems to be a difference of opinion among the 
most intelligent farmers as to the virtue of blue-stone in 
preventing smut in wheat. The weight of evidence, how- 
ever, is quite strong in favor of soaking the seed, before 
sowing, in a solution of blue-stone, which destroys the 
fungoid growth and prevents the propagation of its 
species. 

The past season’s experience of early sowing of 
wheat, combined with that of former years, must neces- 
sarily teach the enterprising farmer that the royal road 
to success is through fall plowing and early sowing. The 
practice of harrowing winter wheat in the spring of the 
year has obtained to some extent in the western states; 
and reasoning from analogy, Mr. P. M. Hinman, of 
Boulder county—a member of the Board—-having a field 
of wheat which failed to have a good stand, and whose 
general outlook was every way inferior to the balance 
of his wheat, decided to harrow the field and note the 
results.. The harrow was faithfully applied when the 
young wheat was four to six inches high. Many of Mr. 
Hinman’s neighbors, who witnessed the operation, were 
very free to express their opinion that the wheat would 
be ruined. Such, however, was not the case, as Mr. Hin- 
man informed me that immediately after the harrowing 
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the wheat took on a better look, and commenced grow- 
ing rapidly; and at harvest time the field so treated gave 
the largest yield. The result was so marked that Mr. 
Hinman intends to adopt the plan in the future in the 
cultivation of his wheat crop. 

Another very important matter as regards the wheat 
crop, is the manner of seeding; that is, whether sown 
broadcast or drilled in. Our best farmers in Larimer 
county, and generally in the State, adopt the drill, for 
three very good reasons: Ist, it saves one-quarter the 
seed; 2d, it produces a greater yield; and 3d, it is less 
labor. In my own case, I sowed twenty acres broadcast, 
which gave a yield of twenty-seven bushels per acre; and 
seven acres put in with a drill averaged thirty-eight 
bushels to the acre—a difference of eleven bushels in 
favor of drilling. Wheat drilled in after corn or potatoes, 
without plowing, has always produced the best results 
in this county. 


THE LOCUST. 


The locust or grasshopper hatched out in the early 
spring, but seemed to lack vitality, and did little or no 
damage to the growing crops. As far as my own observa- 
tion extended, I was unable fully to satisfy myself as to 
the causes that operated so effectually to destroy the 
young grasshopper. I observed what I supposed to be 
the full-grown “hoppers flying very high, but by using a 
field glass I discovered them to be the ichneumon fly. 
It is undoubtedly true that this fly is very destructive to, 
the locust, and if it continues to multiply will eventually 
destroy the locust entirely. 


IRRIGATION. 


The question of the water supply and its control by 
legislation is one of vast importance, and should be 
treated very carefully by our future legislators, until 
such time as the experience of the farmers in different 
localities shall enable them. to decide upon the best 
method of contracting it. My own opinion is, that such 
source of supply, and the valleys tributary, should form 
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a district by itself, and come under the action of local 
laws made by the actual consumers of the water in each 
district. 

AGRICULTURE. 


Agriculture being the foundation upon which the 
business structure of the state is built—all business being 
buoyant and depressed in proportion to the prosperity or 
failure of the agriculturist—it seems to me that the com- 
ing man, politically, will be he who by wise and liberal 
policy shall protect and advance the farming interests of 
the State, not forgetting the corner-stone—The A gricul- 
tural College. 


HARRIS STRATTON, 


Secretary State Board of Agriculture. 
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EXTRACTS 


FROM 


PRESIDENT WATROUS’S |REPORT. 


(OCTOBER 27, 1877.) 


“Upon the State Board of Agriculture devolves the 
important duty of organizing and pushing forward this 
enterprise, (i. e., establishing a school where practical 
farming may be taught.) We are the custodians of an 
interest that is vastly more important to the people of 
Colorado than the one-tenth of a mill tax which has been 
appropriated for the benefit of the Agricultural College, 
namely, making this agricultural school of the Centennial 
State a success.” 

“Under the law that created the State Board of Agri- 
culture, the agricultural farm is to be devoted to ex- 
perimenting on different kinds of grain, grasses, fruits 
and timber, manner of cultivating and irrigating, of 
planting and harvesting; thereby giving the agriculturist 
much practical knowledge at a very little cost.” 

“T wish to call your attention to the fact that the law 
has been complied with in its relation to the agricultural 
lands, and the Secretary of State has ordered a levy of 
one-tenth of a mill tax, which will create a fund of $4,500. 
This tax will be paid into the State Treasury next winter 
subject to the control of the Board.” 


“TI would recommend that the Board, at the present 
Session, take steps preparatory to erecting a suitable 
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school building. One that will meet our present wants 
can be built and left convenient to add to when it be- 
comes necessary.” 

“As men interested in the agricultural interests of 
Colorado, let us be in earnest in this matter. The great 
world must be fed, and with all the energy and ability 
that God has given us, let us push this enterprise for- 
ward and make the Agricultural College of this our Cen- 
tennial State a success.” 
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REPORT 


OF 


COMMITTEE ON COLLEGE LANDS. 


(SEPTEMBER 11, 1877.) 


W. F. WATROUS, 
President of the State Board of Agriculture: 


Sir—In accordance with the instructions of the Board 
at its first meeting, I have the honor to report that I 
have received the signatures of nine of the Trustees of 
the Agricultural College to a deed of transfer, and have 
filed said deed in the County Clerk’s office for record. 
Also that quit claim deeds have been signed by all par- 
ties claiming any interest of whatever nature in, or to, the 
land belonging to the Agricultural College; and that 
the State Board of Agriculture now has a complete and 
perfect title to the 240 acres of land formerly held by 
the Trustees of the State Agricultural College. And, fur- 
ther, that the Hon. A. J. Sampson, Attorney-General of 
the State, has been notified of the fact in accordance 
with the requirements of the law creating the Board. 


All of which is respectfully submitted by your Com- 
mittee, 


HARRIS STRATTON. 
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LETTER FROM W. F. WATROUS. 


(FIRST PRESIDENT OF THE STATE BOARD OF AGRICULTURE.) 


DR. ALSTON ELLIS, 
President of The State Agricultural College: 


Sir—When, during Colorado’s Constitutional Con- 
vention, an article was agreed upon, locating the State 
Agricultural College at Fort Collins, representatives from 
other localities did not consider their loss irreparable or 
Fort Collins’s emolument beyond compare. The affair was 
looked upon as something in the nature of a burlesque. 
A school for the promotion of agricultural science and 
mechanic arts, located in the Great American Desert, 
with nothing in sight more suggestive of enlightened civ- 
ilization than dry prairies, dotted with cactus patches, 
bestrewn with bleaching bones of the departed buffalo, 
and inhabited by prairie dogs, coyotes, and buzzards, with 
only here and there, in little oases along the creek bot- 
toms, a few adventurous specimens of the genus homo, 
was an enterprise which was considered both amusing 
and pathetic. It was passed upon without very serious 
consideration at the time, though afterward, when its 
importance was better appreciated, a determined effort 
was kept up for several years to secure its removal from 
Fort Collins to some other locality. It required several 
years of alert watchfulness and defensive resistance to 
prevent this being accomplished. 

The first money secured, to be applied in the interest 
of the future College, was raised through the patronage 
of an old-fashioned Christmas tree. A project had been 
formed by the good people in and adjacent to Fort Col- 
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lins, which had for its object the creation of a public 
library. The result of the evening’s entertainment, was 
a sum of money approximating $80.00. This sum was 
appropriated, treasured, or, perhaps, held in “escrow,” 
or at any rate, held, by certain individuals for a period 
of years and finally entered a sphere of usefulness in the 
following manner :— 

The first legislative appropriation was for one thou- 
sand dollars, made contingent upon the donation by the 
citizens of Fort Collins of a similar sum. The individuals 
holding the library fund were industriously wrought 
upon and finally did render assistance in the sum of forty 
dollars which sum was duly applied to the benefaction 
of prospective college interests. A town improvement 
company, in existence at the time, consented to the sale 
of several lots and, with many large and small donations, 
the requisite dmount was raised and the appropriation se- 
cured. With this money a five-board fence was con- 
structed around the forty-acre tract, now largely occu- 
pied by the college and department buildings, and a one 
room brick house, about 14x28 feet, as to dimensions, 
was built just east of the present Domestic Economy 
Building. This house was sometimes occupied by camp- 
ers and sometimes by renters; afterward it was used as 
a tool-house and, still later, as a chemical laboratory. 
Its unpretentious walls were at one time consecrated 
to learning, and made repositories of sacred memories, 
through sheltering for a considerable period the first 
President of the College and his family. 

When operations wereset on foot tosecure the location 
of the 90,000 acres of land for the benefit of the College, 
according to the provisions of the “Morrill Bill,” it was 
found that the bill had fallen short of its probable design, 
in that it applied only to states actually in existence at 
the time of its passage. The matter could not be ap- 
proached until an enabling act was passed by Congress, 
which legislation was accomplished largely through the 
efforts of Senator H. M. Teller; whereupon a Land Board 


was appointed, who proceeded to locate the land as pre- 
scribed. 
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After the forty-acre tract was fenced, the tillable 
land was farmed for several years by different parties, 
the Grange, as an organization, cultivating a crop one 
year. A number of the farmers turned out with teams 
and implements in the spring, plowing and sowing the 
land, all in one day, the women folks preparing a whole- 
some, old-fashioned dinner, after the manner of log-roll- 
ings and husking-bees. The cottonwood grove on the 
north side of the grounds, which is steadily disappearing, 
began its existence that spring in the form of cuttings 
placed in the gound by these enterprising Grangers and 
their hopeful boys and girls. 

After the admission of Colorado to the Union, a new 
Board was appointed and an appropriation of one-tenth 
of a mill tax secured. This furnished an income of $4,000 
per annum, the first year’s increment being allowed to 
remain in the State Treasury until the second install- 
ment became due, when a contract was let for the erec- 
tion of the first Main Building for the sum of $7,000. 
The contractor failed before the building was completed 
and no less than six mechanic’s liens were filed on the 
property by interested parties who took this short and 
easy method to learn that mechanic’s liens don’t “stick” 
on state property. However, the matter was compro- 
mised, creditors receiving sixty per cent. of claims, and 
the building was made ready for occupancy. 

At the session of the legislature in the winter of 
1878-9, a bill was introduced calling for a special appro- 
priation of $8,000, with which to open the College in the 
following September. The bill passed the House but was 
killed in the Senate. Two members of the State Board 
of Agriculture were appointed a committee to go to Den- 
ver and advocate whatever measure seemed best or most 
promising toward the mitigation of the exigency at hand. 

The Legislature had, during this session, passed the 
bill raising the regular college appropriation from one- 
tenth to one-fifth of a mill and the Senator from our dis- 
trict had inadvertently promised that, if this bill were 
passed, he would ask for nothing more for the College at 
that session. 
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The last day of the term had arrived and all hope 
of original legislation was gone. One member of the com- 
mittee went to the State Treasurer and suggested the plan 
of borrowing $2,000 from the State, giving a certificate 
of indebtedness, making the sum payable, when the next 
year’s appropriation came due. The Treasurer saw no 
objection to this plan, but said it could not be done as 
the time had expired for the introduction of bills. This 
fact proved not to be a fatal impediment, for the old 
“dead head” special appropriation bill was quickly resur- 
rected, given a new rider, providing for the loan, and, 
by dint of much urging, was rushed through both houses 
and became a law, the Legislature adjourning very soon 
after. 

It afterwards became necessary to borrow money in 
this manner several times and, on one or two occasions, 
when taxes came in slowly the money was not on hand 
when due and it became necessary to borrow from outside 
parties in order to pay the first debt. In these dilemmas, 
the Board was often ably assisted by the Hon. T. M. Pat- 
terson and other prominent men of Denver. 

It is, perhaps, worthy of mention that during the first 
two, and most trying and arduous, years in the history of 
the College, the Board members rendered their services 
gratis and the Secretary received a salary of $100 per 
annum. 

Very truly yours, 


W. F. WATROUS.— 


Fort Collins, Colorado, 
November 23, 1896. 
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LETTER FROM HARRIS STRATTON. 


(FIRST SECRETARY OF THE STATE BOARD OF AGRICULTURE.) 


Fort Collins, Colo., Nov. 18, 1896. 


DR. ALSTON ELLIS, 
President of The State ‘Agricultural College: 


Dear Sir—At your request I herewith submit to you 
a few personal recollections of the early history of the 
College and the State Board of Agriculture. 

At the November election in the year 1867, I was 
elected to represent the county of Larimer and Weld 
in the Territorial Legislature. During the session, I gave 
the matter of locating a State Agricultural College, at 
Fort Collins, careful attention, intending to introduce a 
bill in the House for that purpose. . 

After careful examination of the law of Congress, 
passed in 1862, granting public lands to the different 
states for agricultural college purposes, I came to the 
conclusion that as the time specified in the law for the 
states to accept the offer of Congress had expired and, 
further, that the law did not apply to the territories, I 
reluctantly gave up the idea. In 1870, Mr. Taylor suc- 
ceeded in having passed “An Act for the Establishment 
and location of an Agricultural College” to be located 
at or-near Fort Collins. In 1874, Hon N. H. Meldrum 
secured the passage of “An Act Concerning the Agricul- 
tural College of Colorado,” in which one thousand dol- 
lars was appropriated, on condition that the citizens of 
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Larimer county shall subscribe one thousand dollars and 
shall have expended the same on buildings and the 
ground. 

The Grange raised a portion of that sum, the bal- 
ance being subscribed by the town company and the 
citizens of Fort Collins. A small one-story brick build- 
ing was built on the northeast corner of the college 
grounds, which probably cost about five hundred dollars. 
What disposition was made of the balance of the money 
I do not know. 

When the first Legislature convened in Denver in 
1876, I was elected Sergeant-at-Arms of the Senate. 
Colorado having been admitted into the Union, I felt 
satisfied that by proper legislation the 90,000 acres of 
land could be secured. I examined the various state laws 
in reference to agricultural colleges, and finally decided 
that the Michigan law was the best adapted to our wants 
in Colorado. I therefore remodeled the Michigan law so 
as to meet the wants of our State, and placed the draft 
in the hands of N. H. Meldrum, a member of the Senate 
from Larimer county, who introduced the bill, which was 
finally passed creating the State Board of Agriculture. 
It was my aim and desire, in drafting the bill, to give 
the sons and daughters of the farmers of Colorado an 
opportunity to attend a college in which they would be 
taught scientific farming, the mechanic arts, and domes- 
tic economy. 

In making the appointment of the first Board, Goy- 
ernor Routt complimented me by saying that I had evi- 
dently done more than anyone else in securing the passage 
of the law, and he wished me to accept a position on the 
Board. Governor Routt further said, that he would ap- 
point John Armor and P. M. Hinman, and for the other 
five members he would appoint any good men I might 
name. I submitted the names of W. F. Watrous, John J. 
Ryan, W. A. Bean, B. S. LaGrange, and M. N. Everett, 
and Governor Routt appointed them as members of the 
Board. 

The first meeting of the State Board of Agriculture 
was held in the Governor’s office, in Denver, March 19th, 
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1877. W. F. Watrous was elected President and Harris 
Stratton, Secretary. 

The Board had many difficulties to contend with in 
the erection of the college building and getting the in- 
stitution started in a small way. During the four years 
that I was a member of the Board, I realized that some 
advancement had been made; but in my most sanguine 
expectations I did not anticipate that in fifteen years I 
would see a faculty of fifteen members and three hundred 
students in attendance at the College. 

Believing that my first report as Secretary of the 
Board, which was never published, should appear as a 
matter of record, I herewith submit the same as pre- 
served in my scrap-book. 


Yours truly, 
HARRIS STRATTON. 
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OF 
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THE AGRICULTURAL EXPERIMENT STATION, 
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THE STATE AGRICULTURAL COLLEGE. 


SECRETARY’S FINANCIAL STATEMENT OF THE EXPERIMENT 
STATION FUND FOR THE FISCAL YEAR ENDING JUNE 
30, 1896. 


Receipts. United States. College. Total. 


United States Treasurer. oo. ecicicsien $ 15,000;00. $ .......00. $ 15,000.00 
CETERA MCEB See iain vo vows oven ep Cece vical! | wile vis Gare 2,952.71 2,952.71 
OVW KENRES, Mopphoonaonderbonoo coon aooraoondd) aeodasda 65.23 65.23 

SOIT cre rcic]s ns ele'e'stiniareo ee mepietgelemtere anaees $ 15,000.00 $ 3,017.94 $ 18,017.94 

Expenditures. United States, College. Total. 

RSOLGHETSS) “lepgogatooueoitour bs onccsiccouannoe $ 9,224.86 $ 1,468.28 $ 10,692.64 
EUS CEI traits co ad. lata She sia Na ate ete cance chante a 2,304.48 333.30 2,637.78 
PPUUICAETONS 6 vie scsetele crus sisisinta side eee aiaaniale 522.40 235.40 757.80 
BCHELOMONY | Seiesac costes view ese silecieteeee TWVBIOS Te ielesielclerese 113.08 
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ERO RE MLE ZGSUES i ayajece sera = vialoin c gloieraletntevale S eteieretoterste 96.00 75.00 171.00 
HOSS CHIME MUSEU LES s <\o:. 2)-10/aie/cle sielelelerelaicietels Sialeitre 326.38 123.00 449.38 
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Tools and implements....i.cc..cc0cees 222.31 1382.00 354.31 
Murnitore and fixtures’... cceoenceste ce SO;20 tary wereecioeinions 36.29 
Scientiichapparatus:,.). «ajscemcascasedeente BWA wopoeosocn 123.48 
TEAS SIS EO Clore cteiatacsers. sis sicioye wasete avis pte ere oraeiere 1,029;50) * ecenewicen 1,029.50 
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LETTER OF TRANSMITTAL. 


HON. ALBERT W. McINTIRE, 
GOVERNOR OF COLORADO. 


Sir—The Ninth Annual Report of the Agricultural 
Experiment Station, agreeably to Section 3 of an act of 
Congress approved March 2, 1887, is herewith submitted. 

The station work, in its prosecution under schedule, 
has presented but few new phases since my last annual 
report. The Board of Control was reluctantly forced, 
by lack of finances available for the further support of 
all the sub-stations, to discontinue experimental work 
on the lands located in El] Paso and Rio Grande counties. 
The possession of these lands is yet retained, and hope 
is strong that some way will be open for the resumption 
of active experimental work thereon at an early date. 

It is known that this desirable end can not be reached 
save by legislative appropriation for sub-station support, 
as the authorities in control of the United States fund 
have prohibited the use of any portion thereof for ex- 
perimental work other than that in operation at the Home 
Station. 

Most persons conversant with the purposes of station 
work recognize the necessity of more of that work than 
can be done profitably at a single station. The condi- 
tions under which farm operations are carried on in Colo- 
rado differ greatly. The methods that are employed with 
satisfactory results in one locality may not be wholly 
applicable to another. There must be some way of not- 
ing these varying conditions and providing for successful 
effort under them. 
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The sub-station management, operative as it has 
been in four different sections of the State, has been 
serviceable in helping to apply general rules to particular 
conditions. 

The continuance of experimental work at the sub- 
stations is in close line with the policy that seeks the 
betterment of one of the rapidly growing interests of the 
State. Our material interests are vitally connected with 
the prosperity of our farming communities. 

Methods of agriculture must not be left in a primi- 
tive state. Each farmer must not be left to gain needed 
experience from his own unaided, and often abortive, 
efforts. The work of the experiment station should be 
planned to help him by showing clearly how his efforts 
can be made more far reaching and thus attended with 
greater profit. 

The plan of co-operative work, now so successfully - 
followed in many states of the Union, and in Canada, 
would be productive of good results if made a part of our 
station work. Through it, the number of persons making 
experiments, and records thereof, in agriculture and hor- 
ticulture would be largely augmented. Useless duplica- 
tion of effort would be avoided and each worker would 
be brought in close touch and sympathy with his fellows. 
The published results would be common property; of 
value to those instrumental in their accomplishment and 
suggestive and helpful to others as well. 

These suggestions, and others found in the body of 
the report, are made in the hope that wise legislative ac- 
tion may provide better ways and means than are now 
within reach for making them effective. 


Respectfully submitted, 
ALSTON ELLIS, 


Director of the Agricultural Bxperiment Station of Colorado. 


Fort Collins, Colorado, 
December 9, 1896. 


REPORT OF THE DIRECTOR. 


To the Haecutive Committee of The State Board of Agricul- 
ture: 


Gentlemen—The year, whose station work is to be 
reported herein, began under peculiar conditions. At the 
close of the last year, it was pretty well understood that 
a change in station management was imperative. It was 
known, too, that the radical change which seemed neces- 
sary to carry out the letter of the law would arouse the 
antagonism of two classes of people—those who did not 
rightly understand the plan of station operations con- 
templated by the law and those who had some selfish 
interests to further in the continuance of the established 
order of things. 

The “Hatch Act” of March 2, 1887, provides for the 
support of an “Agricultural Experiment Station” in con- 
nection with the college, in each state and territory, es- 
tablished under the provisions of the act of Congress 
bearing date July 2, 1862, and best known as the first 
“Morrill Bill.” Congress, by the terms of this “Hatch 
Act,” is required to make a special appropriation, an- 
nually, of $15,000 to meet the expenses connected with 
the work of said station. 

The provisions of the congressional act of 1887, were 
formally accepted by act of the General Assembly of 
Colorado approved March 25, 1889. Prior to the latter 
date, i. e. on April 4, 1887, the General Assembly had 
provided for the location of four sub-stations—one on 
the “Divide” in the northern part of El] Paso county, one 
in the Arkansas Valley, one in the San Luis Valley, and 
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one in Delta county—and placed them under the control 
of The State Board of Agriculture. That body was au- 
thorized to spend such amount as was deemed necessary, 
in establishing these sub-stations, out of the United 
States appropriation before referred to. 

The State has never appropriated a dollar to the sup- 
port of any of these sub-stations. The act of the General 
Assembly, approved April 3, 1893, by which another sub- 
station, now known as the Rainbelt Station, was located 
at Cheyenne Wells, made an appropriation of $2,500 for 
buildings and other permanent improvements. 

At the beginning of the present year, nearly 800 
acres of land, all reputed to be experimentally cultivated, 
were under the control of the Executive Committee, act- 
ing in the name, and by the authority, of The State Board 
of Agriculture. The money to carry on the extensive 
experimental work, or rather farm work, was taken from 
the United States fund and the receipts from sales of 
farm products. 

The thought, expressed by some, was that these sub- 
station farms should be made self-sustaining; that is, 
that the crops raised should, when sold, meet a very large. 
part of, if not all, the cost of labor and equipment. Man- 
aged as farms, the sub-stations presented no appearance, 
and gave no results, that entitled them to more favorable 
notice than adjoining lands tilled by enterprising farm- 
ers. In some instances the handling of these sub-sta- 
tion farms was the subject of unfavorable comment on 
all sides. 

My first report, as Director, made earnest recom- 
mendation that all experimental work at the sub-stations 
be brought within narrower limits, and that farm opera- 
tions, with an eye single to profit, be wholly abandoned. 
I felt, as others did, that the sub-stations as farms were 
not meeting the just demands of the people or fulfilling 
the requirements of the law. 

In the summer of 1895, Dr. A. ©. True, Director of 
the Experiment Stations, Washington, D. C., visited the 
College and made a careful investigation of the experi- 
ment station work then in progress and the manner in 
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which the United States fund for the promotion of that 
work was being expended. The result of this visit, and 
visits to a number of stations in other states, was the 
issuing of Circular No. 29, from the Office of Experiment 
Stations, under authority of the United States Depart- 
ment of une. The “Circular” is dated March 10, 
1896. I am strongly tempted to give it in full, in this 
connection, because it is a clear and authoritative state- 
ment of what is required, in each state, in the way of 
experimental work under the provisions of the “Hatch 
PNG te 

A few quotations from the language of the “Cir- 
cular” may serve a useful purpose: 

“This Department holds that the expenditure of funds ap- 
propriated in accordance with the provisions of the act of Con- 
gress of March 2, 1887, for the maintenance of nermanent sub- 
stations, is contrary to the spirit and intent of said act. The act 
provides for an experiment station in each State and Territory, 
which, except in cases specified in the act, is to be a department 
of the college established under the act of Congress of July 2, 
1862. The objects of the stations as defined in the first mentioned 
act are evidently of such a character as to necessitate the sery- 
ices of scientific and expert workers. Most of the lines of in- 
vestigation named in the act are general rather than local, and in- 
volve scientific equipment and work. The sum of $15,000 which 
is annually appropriated by Congress under this act for each 
station is only sufficient to carry out a limited number of investi- 
gations of the kinds contemplated by the act. 

“Thorough work in a few lines has been found much more 
effective and productive of more useful results than small in- 
vestigations in numerous lines. .When we consider the nature of 
the investigations, the amount of money provided for the work 
of each station, and the fact that the act expressly provides for 
only a single station in connection with each college, it becomes 
very clear that expenditures such as are necessary to effectively 
maintain permanent sub-stations ought not to be made from the 
funds granted by Congress to the States and Territories for ex- 
periment stations. The sums of money which can be expended 
for permanent improvements under the act of Congress afore- 
said are so small that it is clear they were not intended to meet 
the needs of more than one station in each State and Territory. 

“When the legislature of a State or Territory has given Its 
assent to the provisions of the act of Congress of March 2, 1887, 
and has designated the institution which shall receive the bene- 
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fits of said act, it would seem to have exhausted its powers in the 
matter. The responsibility for the maintenance of an experiment 
station under said act devolves upon the governing board of the 
institution thus designated. If the legislature of the State or 
Territory sees fit to provide funds for the equipment and main- 
tenance of other experiment stations and to put them under the 
control of the same governing board, well and good, but this does 
not in any way diminish the responsibility of the board to admin- 
ister the funds granted by Congress in accordance with the pro- 
visions of said act. 

“Phe performance of ordinary farm operations by an experi- 
ment station does not constitute experimental work. Operations 
of this character by an experiment station should be confined to 
such as are a necessary part of experimental inquiries. Carrying 
on a farm for profit or as a model farm, or to secure funds which 
may afterwards be devoted to the erection of buildings for ex- 
periment station purposes, to the further development of experi- 
mental investigations, or to any other purpose, however laudable 
and desirable, is not contemplated by the law as a part of the 
functions of an agricultural experiment station established under 
the act of Congress of March 2, 1887. Section 5 of that act 
plainly limits the expenditure of funds appropriated in accord- 
ance with said act to ‘the necessary expenses of conducting in- 
vestigations and experiments and printing and distributing the 
results.’ ”’ 


Prior to the issuance of the “Circular,” from which 
the foregoing extracts are taken, the question of cur- 
tailing, to some extent, the work undertaken at the sub- 
stations came up for consideration in your Committee 
and a doubt as to the power, either of said Committee, 
or the Board represented by it, to cut off or materially 
to modify any portion of that work was expressed. An 
inquiry addressed to the State Attorney-General, Hon. 
B. L. Carr, brought a reply from which quotation is 
made: “There is nothing in the act of Congress which 
in my judgment contemplates the establishment of ex- 
periment stations other than those in connection with 
the several agricultural colleges and on and in connece- 
tion with the agricultural college grounds. The purpose 
of the Act of Congress seems to be to have such stations 
under the charge and control of thoroughly-educated and 
scientific men, and to have them operated for scientific 
purposes and not merely for ordinary farming. It would 
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seem to be a diversion of the congressional fund if the 
same were to be applied to any other than purely scientific 
purposes.” 

Here we have two authorities, the highest outside 
of the courts of law to which we can go for legal advice, 
giving, independently of each other, substantially the 
Same opinion. The officials at Washington have power 
to enforce their opinion by act. * 


“Under the head of ‘Haperiment Stations,” the Hon. J. 
Sterling Morton, Secretary of Agriculture, in his annual report 
for 1896, says: 

“Imperfect comprehension of the functions and duties of ex- 
periment stations on the part of governing boards and officers in- 
trusted with the management of the stations has in many instances 
led to misdirected effort; in some to superficial work, and in others 
to expenditure of the public funds for work not contemplated in 
the original act.’’ 

“Some institutions have made the error of confusing work and 
expenditure intended for instruction with that intended for ex- 
perimentation. Some stations expended large sums of money in what 
may have seemed experimenting, but was in reality the conduct 
and maintenance of large farms in which general crops (with, 
perhaps, some improved methods) were produced.’’ 

“The experiment station was not designed to be a model farm. 
There is neither warant in law nor justification in circumstances 
for making it such.” 

“Another seeming misuse of funds has been brought about by 
the acceptance of donations of farms from enterprising citizens or 
from communities upon condition that permanent substations should 
be established upon them. Such farms have often been accepted 
without properly considering the nature of the soil of the land 
donated or the real needs of the locality. Thus much money has 
been wasted for building and equipments upon farms where only 
superficial and temporary experiments can be conducted.’’ 

. “Some stations have endeavored to cover too many lines of 
work. Many stations were organized originally as so-called ‘all- 
around stations.’ They had a large staff of officers called ‘agricul- 
turists,’ ‘chemists,’ ‘botanists,’ ‘entomologists,’ and ‘horticulturists.’ 
They paid small salaries, and, with few facilities for work, achieved 
small results. Most of the officers were obtained from the agricul- 
tural college faculties. They were allowed very little time from 
their teaching duties therein, and consequently could not thoroughly 
conduct experimental investigations.” 

“The experiment station act gives the land-grant agricultural 
colleges $15,000 per annum especially for original research in agricul- 
ture. This is equivalent to 5 per cent. per annum upon an en- 
dowment of $300,000 for each station. And this fund ought to be 
regarded as a sacred trust and devoted entirely to the advancement 
of agricultural science through conscientiously directed original re- 
search. If this course be pursued in all the institutions, as it has 
been faithfully pursued in some, practical agriculture will receive 


vastly increased benefits.” 
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If our station is to receive any financial aid from 
the Government, it must be operated in conformity with 
the interpretation of the law reached by the authorities 
at Washington. The agents of the Government act agree- 
ably to its statutes and can not bé expected to govern 
their official course by the legislative acts of any particu- 
lar state. Our State by its voluntary acceptance of the 
terms of the “Hatch Act” has become a beneficiary there- 
under and should in good faith do the part to which it 
stands pledged. 

I have made quotation herein of the opinions of the 
Attorney-General of Colorado and the Director of the 
Experiment Stations, acting in behalf of the United 
States, to show clearly the reasons that prompted the 
Committee in control of the sub-stations in Colorado to 
abandon active experimental work at the Divide Station 
in El Paso county and the San Luis Valley Station in 
Rio Grande county, and largely to reduce the experi- 
mental acreage at the Arkansas Valley Station in Otero 
county and the Rainbelt Station in Cheyenne county. 
Necessity is the mother of many things beside invention. 
It is just as difficult to make something out of nothing 
now as it ever was. 

There is an erroneous idea in the minds of most 
Colorado people, who have any care for or interest in 
the Experiment Station, as to the nature and amount of 
work it should undertake. It is generally known that the 
Government makes annual appropriation of $15,000 for 
the prosecution of experimental work in Colorado. 
Greedy eyes from every quarter of the State are fastened 
upon this appropriation and the desire to share in its 
distribution is without bounds. This idea of the right 
way of using the Government bounty has been fostered 
by the various Legislative acts establishing sub-stations 
and providing for their support by drafts upon the United 
States fund. This fund has proved wholly insufficient 
to secure satisfactory results in every part of the extended 
field in which experimental work has been attempted. 

Consider the sum available for pushing station work, 
and then look upon it in progress in each of the five 
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scientific sections of the home station and upon four large 
experimental farms representing as many different sec- 
tions of the State, and a conception of the thinness and 
worthlessness of some of it can be formed. | 

It can safely be said that but little of permanent 
value has ‘resulted from the Colorado system of sub- 
stations. These sub-stations have had good supervision 
for what it has cost. It can not be expected that one who 
has fitted himself, by years of training, for planning and 
carrying into execution agricultural work on a scientific 
basis can be put in charge of one of these stations at a 
salary of from $50 to $70 per month. It is not strange 
that the management of our station work has provoked 
sharp criticism from those whose duty it is to guard 
against any misapplication of the Government fund. 

Some sub-station or co-operative work seems called 
for by conditions existing in Colorado. This is readily 
admitted even by those who are in position to insist that 
no part of the Government appropriation shall be used 
in its furtherance. The feeling exists in the Department 
at Washington, that our State is not giving its Experi- 
ment Station proper support; that something more than 
the establishment of a number of sub-stations and put- 
ting them under the control of The State Board of Agri- 
culture was implied in the Legislative act making ac- 
ceptance, in the name of the State, of the congressional 
grant of 1887. 

The people in the vicinity of the sub-stations, while 
differing in opinion as to the efficacy of their work, are 
almost a unit in desiring their continuance. Remon- 
strances against the abandonment of experimental work 
at the sub-stations at Monument and Monte Vista were 
prompt and vigorous. 

At this writing, work at all the sub-stations is in a 
tentative condition. Its future will depend upon the 
financial help given it by the State. A small appropria- 
tion will enable The State Board of Agriculture not only 
to continue experimental operations at all the stations, 
but to render those operations more beneficial to the 
farming interests of the State than ever before. If those 
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who have been so earnest in remonstrance, in a direction 
where remonstrance was necessarily unaviling, will give 
active support to an effort that will be made to induce 
the State Legislature to make sure the permanency and 
value of sub-station work by needed financial support, 
their energy will be employed in a manner most promising 
of desirable result. 


THE PRESENT STATUS OF THE SUB-STATIONS. 


When it was decided a year ago temporarily to. lease 
the sub-station lands in El Paso and Rio Grande counties, 
a Special Committee of the Board of Control was ap- 
pointed with power to suggest, and approve of, the terms 
and conditions of leases to be drawn between the parties 
interested. 

The Superintendent of the Divide Station, in El Paso 
county, having declined to remain as tenant, was re- 
quested to make sale of such products as were on hand, 
to the best advantage, and to ship the stock and all im- 
plements to the Home Station at Fort Collins. The carry- 
ing out of these instructions left the Divide Station with- 
out supervision or equipment. At a meeting of the Ex- 
ecutive Committee, held March 31, 1896, the Director 
was authorized to rent the station property to a proper 
person on the best terms obtainable. Acting on this 
authorization, I put W. A. Diebold, of Table Rock, Colo- 
rado, in possession of the land and buildings as tenant. 
Mr. Diebold agreed to pay $40 for the use of the premises 
for one year from March 1, 1896. He also agreed to pay 
$7 for the hay that had been left on the grounds. At 
the present time, Mr. Diebold is in charge of the Divide 


Station. He reports the farm operations of the year as 
fairly successful. * 


* Mr. Diebold has made payment of all money due from him 
under the terms upon which he took charge of the station prop- 
erty. 

Some statements from him, regarding the crops grown, are 
herewith given. 

“The grain was almost a failure. Two acres of* Chinese hul- 


less barley, sown June 5, caught the late rains and did well. Five 
acres of oats planted as deep as possible with a drill, April 11, 
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For the year ending November 30, 1896, the money 
account of the Sub-station is as follows :— . 


Superintendent’s: salaryang.. 0. sssnsesneen $ 199.98 
iA DOUT. cicieiiciase caciace pian eoce hot meee oes 2.00 
OCH EL LEXPEUSES ssi, sue Remetecce Ta weeen cet 63.64 
ME OCAIY Fee Heist, crea asides redo ESS $ 265.62 


There is a credit of $36.85 derived from sales ordered 
to be made. 

Charles A. Duncan, Superintendent of the San Luis 
Valley Sub-station, in Rio Grande county, became ten- 
ant of the property under the term of a lease that pro- 
vided that he, having use of the station equipment, should 
farm the land for his own profit and at his own ex- 
pense. He was also to do some stipulated experimental 
work and make report thereon at the proper time. 

On November 15, 1896, after making out the annual 
inventory and forwarding to my office a brief report on 
the experimental work of the year, Mr. Dunean left the 
station property in charge of R. S. Sides. Information 


yielded 8% bushels per acre. On April 13, five acres were sown to 
oats broadcast. The amount of seed, per acre, in each case was 114 
bushels. The latter field did not stand the severe winds of the 
latter part of April and the first part of May. This field was re- 
sown, May 27, with hulless barley, the same being put in by harrow- 
ing so as not to damage the oats, then a light stand. The barley, 
owing to light covering, did not germinate until late; but the result 
was an excellent hay crop of oats and barley.’’ 

“The first field of barley yielded 162-3 bushels per acre. One 
acre of buckwheat—two varieties—yielded 144% bushels. Four varieties 
of potatoes—Late Ohio, Rochester Rose, Maggie Murphy, and Prize 
Taker—were planted. Prize Taker’ produced nothing larger than a 
walnut. One 50-foot row of Maggie Murphy potatoes yielded 21 
pounds. Late Ohio, planted May 20, 21, and 23, yielded 2,000 pounds 
per acre. Rochester Rose, hand planted May 17 and 18, six inches 
deep, yielded 4,000 pounds per acre. The summary of products is given 
herewith.’’ 

Potatoes, all varieties, large and small, 28,000 pounds. 

Oats, 4214 bushels. 

Barley, 331-3 bushels. 

Buckwheat, 144% bushels. 

“Bromus inermis did not grow more than six inches, on ac- 
count, perhaps, of the sowing being too heavy to stand the drouth. 
In 1895, I sowed 1% acres on my ranch, using about seven pounds 
of seed per acre. The yield therefrom, this year, was 172 pounds of 
nice, clear seed, worth 20 cents per pound.” 
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received causes me to believe that the station buildings 
and land are not in the best condition. Mr. Sides may 
be just the proper person to take charge of our station 
property at Monte Vista, but there is no agreement of 
any kind whereby he can be held responsible for the 
proper care of the property. Some action looking to the 
care, or disposition, of the station property at that point 
is desirable. 

The account with the Sub-station stands as fol- 
lows :— 


Superintendent’s salary (prior to date 


Of LOASEW, Soils cic ccoeiciticie Neisip tere daxetcrautere erate. $ 133.32 
WAGER, TON Grice one ediceisioenianele <aemmemn ae aretee 75.00 
OCHS EXP SNSES wesc ccna wee meter cee aatctele 5.88 
TOUT afew tis sate raters wie pieisiauatel cata state igt erate meee $ 214.20 


The receipts from sales of farm products are $86.50. 

On February 28, 1896, your committee decided to con- 
tinue operations at the Rainbelt Sub-station, in Chey- 
enne county, until November 30, 1896. J. E. Payne, M. 
S., was appointed Superintendent at a salary of $50 per 
month. Mr. Payne entered energetically upon the sched- 
uled work. The report of his efforts will appear else- 
where. This Sub-station, Micawber-like, is “waiting for 
something to turn up.” It ought to be kept in operation 
if money for its proper support can be secured. A three- 
year trial is not sufficient to demonstrate with any cer- 
tainty the agricultural possibilities of the eastern portion 


of our State. The financial statement, covering a year, 
is as follows :— 


Superintendent’s salary..5....2..2..-c1+e+- $ 600.00 
TsADOT » a ses cies ausiaiaettae le eae ee 90.95 
Other expenses (improvements and 
CqUIPMeNt) Jv ccmreee cee eee ee ee 271.08 
: 
Total 


is (sloJealn\e alota/e clo eieunisierois sicteic REAR ISe SR ERIE $ 962.03 


A small credit from sales, amounting to $5.20, is 
noted. 
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On January 30, 1896, the following resolution was 
adopted by the Executive Committee :— 

“Resolved, ‘That A. L. Kellogg be authorized to lease all sta- 
tion land at Rocky Ford, not included in the special experimental 
area, for the current year on the best obtainable terms, the ten- 
ant to conduct his farm operations upon a plan to be agreed upon 
between him as one party and Mr. Kellogg and Superintendent 
Blinn as the other.” 


Under the authority given in this resolution, one 
hundred and twenty (120) acres of station land were 
leased to Francis Harson. By the terms of the lease the 
Station is to receive one-half of all hay and one-third of 
all grain grown on the leased land. 

The remaining eighty (80) acres of station land con- 
tain the station buildings, the orchard, the experimental 
plots, and fields upon which general farm products are 
grown. The appearance of this portion of the Station 
property has been much improved. Intelligent observers 
mark the change for the better in the condition of the 
orchard. 

The yearly expenditures for station support are here- 
with shown :— 


Superintendent's “Salavry-.s ccs ccjicc veces $ 759.96 
HMEIOO Vee etessuarerS0ere crasero: 5: chekSi aver afe) «claves weatateletaiestale eis ictats= 1,411.09 
OEMS OX DENSES: aioe, cas icstes, case caenledeen aden sae 781.51 
ATSC) GAMO i pees me ore etelasgiaieis o/s ajctoeetdsic(s(aleiwirte spieiaian $ 2,952.56 


Farm sales up to the close of the year amount to 
$580.92. 

The Arkansas Valley Station at Rocky Ford, Otero 
county, is the best sub-station under your control. The 
cessation of experimental work there would be a serious 
loss to the farming interests of the State. The land is 
eligibly located, being easily reached from the railroad 
station of the town. It affords the best possible condi- 
tions for the prosecution of that experimental work of 
most interest to the agricultural interests of the valley. 
Then, too, the people who come in touch with the station 
have ever shown the most lively interest in its welfare. 
There is little unjust criticism heard when people dis- 
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cuss the Station in conversation, or at public gatherings 
where the best methods of farming become the topics for 
consideration. 

The Executive Committee, in control of station work, 
in planning the future of this Station, is brought face 
to face with a problem whose solution, at this time, is 
not readily apparent. The United States fund must, we 
are advised, be expended upon the station connected with 
the College, as a special department thereof. The same 
authority states in plain language that it is no part of 
the office of an experimental station to carry on farm 
operations as such. 

With no available revenue for experimental work 
and with warning not to farm for profit, the open way for 
the continuance of sub-station operations is not clearly 
discernible. The carrying on of some ‘co-operative 
work,” as has been suggested, is no way out of the dif- 
ficulty; for the expense of this co-operative work can not 
be met by any draft upon the Government fund and there 
is no other within reach. 

The land at Rocky Ford can not be handled, with any 
experimental value, so that expenditures and receipts will 
balance each other. A good farmer working for the 
preservation of the land and for what he could make it 
pay, would be able to meet all expenses, and more prob- 
ably, out of sales of farm products; but no owner of the 
land, directing it through others, could bring about any 
such result. There would be no particular value to any- 
one in such result were it secured. The station, to meet 
any useful purpose, must keep the experimental side of 
its work uppermost. Some ordinary farm work is a 
necessity; but it is reasonable to require that no unneces- 
sary effort be expended thereon. 

The expenses of the Arkansas Valley Sub-station, 
under conditions now existing, will exceed the total re- 
ceipts from sales at least $2,000 annually; and it is well 
understood, by those conversant with the nature of the 
work done, that no part of this excess can be saved but 
at the sacrifice of the efficiency and value of the experi- 
mental work. 
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The present sum paid for supervisory work is surely 
not excessive. If station work is to have any present 
or future value, it must be under the direction of one 
thoroughly-equipped, by reason of his scientific attain- 
ments and wide experience, for its prosecution. The one 
possessing such necessary qualifications, and having the 
will to make effective use of them, would well merit a 
salary of not less than $1,200 per year. Then, with a 
reasonable area upon which to carry on experimental 
work, the labor account ought to come within more modest 
limits. The labor bills, for the year, are about all that 
can invite criticism in the management of the Sub-sta- 
tion at Rocky Ford; and, possibly, they are not excessive 
when all the circumstances connected with the manage- 
ment are fully known. 

As bearing upon the question of sub-station con- 
tinuance, I quote the body of a letter from Dr. A. C. True, 
Director of Experiment Stations, Washington, D. C.:— 


Dear Sir—“Referring to a report by Dr. Allen on his 
visit to your station last June, I wish to commend the 
management of the station on the action taken with 
reference to the sub-stations. I hope that there will be no 
relaxation of effort toward getting rid of this incubus 
and that the State legislature may be persuaded to deal 
generously with the station this winter. I fully believe 
that if you could have a relatively small amount of 
money for co-operative experiments in different parts of 
the State as circumstances may require, it would be far 
better than to maintain permanent sub-stations which at 
the ‘best can be little more than stations for the trial 
of different kinds of crops.” 


THE WORK OF THH HOME STATION. 

Ever since the life of the College began, important 
experimental work has been prosecuted on the college 
lands adjacent to Fort Collins. Prior to the receipt of 
the revenue obtained under the terms of the “Hatch 
Act,” all expenses of the work referred to were met by 
orders on the tax-fund for college support and the re- 
ceipts from farm sales. 


7 
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The early reports of the Secretary of The State Board 
of Agriculture contain much matter which, under exist- 
ing conditions, would find its way to the public by means 
of our station bulletins. The reports from the depart- 
ments of Agriculture, Botany and Horticulture, and 
Chemistry, made before “The Agricultural Experiment 
Station” became a college department in February, 1888, 
present much interesting information upon questions of 
vital interest to “agriculture and kindred pursuits.” 

The present organization of the force engaged in sta- 
tion work at the College is simple and effective. The 
Executive Committee of the Board is the governing body. 
Acting under its authority, and in close union with it, is 
the Station Council composed of the following-named 
members of the College Faculty: President and Director, 
Agriculturist, Horticulturist and Botanist, Chemist, Me- 
teorologist and Irrigation Engineer, Entomologist, and 
the Secretary of the Board of Agriculture. All the mem- 
bes of the Station Council, save the first and last named, 
are heads of scientific departments in the College and 
as such perform a two-fold office—instructor and experi- 
mental worker. In each of these departments, there is 
at least one assistant engaged wholly in station work 
and paid altogether from the station fund. 

It is the duty of the Station Council to prepare an- 
nually, usually in January or February, a schedule of 
experimental work, for the Home Station and the Sub- 
stations, to be submitted to the Executive Committee for 
its approval. When thus approved, said schedule serves 
as a guide for all persons in any way connected with 
station work. The work of the Home Station is in the 
main scientific and possessed of permanent value. Cer- 
tain records of that work appear in bulletin form and 
thus find their way to all parts of the country. 


It has been suggested that our station work might 
be strengthened by so arranging class work in the scien- 
tific departments of the College as to give the chief 
officers therein more time and energy for experimental 
work. It is urged, with much force, that thorough sta- 
tion work necessarily calls for knowledge and skill of a 
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high order and that the best effort can not be put forth 
by those who have to do a large amount of teaching. 

These suggestions naturally revive the oft-discussed 
question of the relations proper to exist between the Col- 
lege and the Experiment Station. It seems right to be- 
lieve that, in the larger number of cases, the union of 
college and station work under one management brings 
the best results with the least outlay of effort and money. 
A well-equipped scientist can do, and direct, much teach- 
ing and experimental work, at the same time, if it is at 
all closely articulated. There is inexcusable waste in a 
plan that sends a worker from a class in algebra, to one 
in physics, and thence to a laboratory to engage in the 
analysis of soils, waters, or fertilizers; but waste is not 
apparent when the analytical worker gives a portion of 
his time to class-room and laboratory work in chemistry. 

The question, after all, hinges on the ability and 
amount of the teaching and working force engaged. Give 
any of the heads of our scientific departments a proper 
working force and there will be no neglect of either col- 
lege or station work. The total separation of the two 
kinds of work is not desirable in our institution. In our 
case, union brings economy with excess of strength. 

The expenditure of the whole station fund upon the 
work of experimentation in progress at the Home Station 
will add very much to the amount and efficiency of that 
work. Three additional assistants of requisite scholar- 
ship and experience would give the experimental work 
now scheduled for the departments of Chemistry, Irri- 
gation, and Entomology a rapid forward movement. 

It is unwise to attempt the prosecution of many 
lines of experimental work at the same time. There is 
danger of attenuated results. Let us find out what is 
best worth doing and then do it with might and main. 
Again, the field chosen for experimental effort should 
be domestic rather than foreign; that is, our work should 
have some practical, close-in-touch relation to the great 
material interests of the State. What a vital question 
irrigation is to our people! How interested are our 
fruit-growers in everything that the entomologist can do 
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for the protection of their orchards! How instructive 
to the farmer, with unmarketable alfalfa and other stock- 
supporting products, are experiments in sheep and cattle 
feeding! How innumerable are the cases where the serv- 
ices of an analytical chemist are in high demand! 

The completion of the new Chemical Laboratory will 
open the way for the rapid extension of the work of the 
Department of Chemistry, both in the way of college 
instruction and original investigation, Requests for 
chemical analyses come to us from all parts of the State. 
Some of these merit no more than respectful denial, since 
they are born of ignorance or prompted by selfish in- 
terests; others by reason of their relation to the general 
weal are worthy of prompt attention. I shall welcome 
the time when the resources we control will enable us to 
respond more readily to requests for analyses of soils, 
waters, and growths touching more intimately the farm 
life of our people. One reads with a feeling of regret 
this statement clipped from the columns of The Mining 
Industry—“There is nowhere any reliable analysis to 
be obtained of the water of any considerable number of 
Colorado springs. The State has more of them than 
any other in the Union. In a general way we know there 
are those which deposit iron oxides and sulphides, cin- 
nabar, silica and probably all the alkaline metalloids. 
But no one has ever classified the leading ones to tell us 
whether they are alkaline, saline, acid, non-gaseous or 
carbonated, etc. 

Coupled with Colorado’s magnificent health-giving 
climate, these springs will some day make the State as 
famous as Baden-Baden is now.” 

I would like-to see the fruit-growers of Colorado look 
with confidence to us for timely assistance in the man- 
agement and preservation of their orchards. There 
should be opportunity for our station workers to visit 
any locality where personal observation is needed to 
acquire information precedent to intelligent planning of 
ways and means for helping the farming interests of that 
locality. The plan of sending a corps of workers, under 
the direction of our Irrigation Engineer, into the San 
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Luis Valley, last summer, to investigate the water sup- 
ply of that portion of the State is a step in the right di- 
rection. The statement of results should follow a very 
thorough investigation, under a number of conditions; 
else injustice be done to some important interests in 
which the people of that region are deeply concerned. 
When college authority makes a report upon the resources 
of any part of the State, said report.should present the 
truth no matter what selfish interests are unsettled 
thereby. The cost of the investigations made in the 
Valley thus far, is $321.90. There are sections of Colo- 
rado unknown, save by report, to some of our station 
officers. Some change of class requirements that would 
leave these workers free, at times, for personal investi- 
gation outside of college territory seems desirable. At 
least more advantage should be taken of the long vaca- 
tion season in which to make such investigation. 

The Governing Board has never used any portion of 
the experiment station fund for college support. The 
College employes who do station work receive no undue 
portion of their compensation from the the station fund. 
No raid is ever made on the treasury of the station but, 
on the contrary, its money is guarded with jealous care. 
It is within bounds to say that the experimental work 
now in progress costs quite a sum in excess of the rev- 
enue for experiment station support. The college rev- 
enue always makes good any deficit in the station fund. 

The members of the Station Council have rendered 
valuable service in farmers’ institutes the past year. 
Never less than two members of the Faculty are detailed 
for service at each institute. No requests for institute 
workers are refused. Sometimes, it is true, home work 
of a pressing character compels us to ask a change of the 
date of holding the institute; but, the change being made, 
the attendance of some of our representatives at the in- 
stitute sessions follows. The College and Station were 
represented at institutes held at Boulder, Longmont, 
Brighton, Las Animas, Monte Vista, Loveland, Canon 
City, Delta, Fort Morgan, Gypsum, and Glenwood 


Springs. 
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There is reciprocal advantage in this institute work. 
Those who give instruction receive it as well. The practi- 
cal man is led to see things from a new point of view, 
and the theorist is forced to bring his theories to the test 
of experience. 


STATION WORKERS. ’ 


Herewith are given the names of all persons reg- 
ularly connected with station work, the positions filled, 
and the salaries received :— 


Home: Station— Annual Salaries from 
Names and Positions. Station Fund. 
Alston’ Bilis), “Directors cn mccceslesnariee sae siisiicacoes $ 1,000.00 
Wi. W., Cooke; -Asrichlturnistisnecaacssnu sacs 500.00 
Cy Ss Crandall, Horticultunristana macs. seecarane 500.00 
Wim. PB. Headden; Chennistsiccmacseieupiecittctetasiee 500.00 
G.. PB. Gillette; Hntomologister. cscs cree iemetlesi ose 500.00 
L. G. Carpenter, Meteorologist and Irrigation 
BIN GINS! > vesiteieiace: di as steeiovoseleolote wateleteeneattte clelarers rarest . 500.00 
D. W. Working, Secretary Station Council...... 400.00 
ASSISTANTS. 
Prank LL. Watrous,“Acriculturere. sceccdeemaw. se 1,000.00 
Jacob Hi. -Cowen, Horticultimesasn-tenaeie essere 1,000.00 
Charlies J. Ryan; Chemistryccdescoucsortien eee 900.00 
Emma A. Gillette, Entomology...............++++ 300.00 
Robert HE. Trimble, Meteorology. ...0.c.01.0ce0+s oe 900.00 


Sub-Station Superintendents— 


Philo Ky Blinn! Rocky  Hord 24s pee cee eee 800.00 
J. Ee Payne, ‘Cheyenne, Wells. eco eeeee 600.00 
Total of ‘Salaries. i.:..,caeancumeckeeeen eee eee ene e $ 9,400.00 


The yearly expense for labor is $2,600. 


OUTLINES OF STATION WORK. 


The schedules of station work for the year 1896 are 
herewith given for the reason that they properly form a 
part of the history of the Station for the year:— 
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AGRICULTURAL SECTION. 
Farm Crops. 

Testing of wheat on alfalfa sod compared with land in ro- 
tation. . 

Testing of oats and barley on alfalfa sod compared with 
land after sugar beets. 

Testing of corn on fall as compared with spring plowing. 

Testing of corn on land manured with sheep manure com- 
pared with ordinary stable manure. ; 

Testing of sugar beets on subsoiled land compared with 
land not subsoiled. 

Testing of varieties of cereals and forage crops. 

Feeding Haperiments. 

Feeding pigs on alfalfa alone, alfalfa and a half ration of 
grain, alfalfa and a full ration of grain. 

Feeding sheep on standing corn. 

Raising early lambs on a commercial scale. 

Feeding steers on grain, ensilage, and sugar beets. 

Feeding cows for milk on corn as compared with bran to 
accompany alfalfa hay and pasture. 

Continuing the tests of cold deep setting compared with 
the separator for a smail dairy. 


SECTION OF BOTANY AND HORTICULTURE. 


The study of the flora of the State, special attention being 
given to: 
1. The weeds of the farm and garden. 
2. Grasses, native and introduced. 
3. The various species and varieties of the genera 
Oxytropis and Astragalus. 
The further introduction to the garden of such wild fruit 
plants as can be obtained. 
Nursery tests of orchard fruits with a view to the study of 
the adaptability of varieties to this climate. 
Tests of varieties of small fruits. 
Coéperative work with the Division of Forestry of the 
United States Department of Agriculture. 


Under the first division of the schedule it is much 


desired that opportunity be afforded for an examination 
of the flora of the southern part of the State. There are 
several regions that have not been visited by botanists, 
and information concerning the characteristic plants of 
these regions is much needed. 
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Under the third division of the schedule, our lists 
of varieties of fruits that it seems desirable to add to the 
present collection, if filled, will involve an expenditure of 
about $150. 

In connection with the test of varieties of fruits a 
series of experiments with different methods of grafting 
is in progress. It is also proposed to make a series of 
crosses between varieties of plums, and also between 
varieties of strawberries. 


SECTION OF METHOROLOGY AND IRRIGATION 
ENGINEERING. 
ile The Duty of Water: 
1. Ona large scale, with the codperation of canals. 
2. On different crops. This should be extended into 
different localities. 
Il. Investigation of losses in carriage by seepage and evapora- 
tion. 
III. Return waters: continuation of previous investigations and 
verification of previous conclusions. 
IV. Irrigation survey of the State. 

Some work has been done in this line before, ia it 
has had to give way both because of lack of ands and of 
time. 

My desire in this connection is to continue a sys- 
tematic investigation of the water resources of the State, 
their character, best mode of utilization; a study of the 
methods of irrigation, their faults and advantages. For 
this particular season, I propose to confine my work to 
the San Luis Valley; the special effort being a study of 
the sub-irrigation and sub-surface waters. Nearly all 
the work so far done falls into a part of this general plan. 

Estimates: The continuation of all work but that 
named in No. 4, will cost about $175, including current 
expenses of various kinds—blanks, repairs, ete. 

No. 4 for the whole season for the direct and indirect 
expenses will not require over $300. 

A partial promise of Government aid, in carrying out 
the work named in No. 1, has been given. 

If the work outlined in No. 4 is approved, it should 
begin before the irrigation season opens in order to secure 
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the co-operation of those who can furnish the desired 
information. This co-operation is needed from the begin- 
ning to the end of the irrigation season. 


CHEMICAL SECTION. 


Ae Coéperative work with other Departments. 

Il. Work in connection with the Association of Official Agri- 
cultural Cheinists, on fodders. 

III. Experiments on the digestibility of the albuminoids of al- 
falfa hay to determine the relative value of new and old 
hay. 

I. The Chemistry of Irrigation: 

1. The compositien of the ditch waters. 

2. The amount that flows off the irrigated land. 

3. The composition of this portion to see how much it 
takes up from the surface soil. 

4, The amount of water that percolates to different 
depths and the composition of the respective por- 
tions. 

II. A study of the effects of growing beets upon alkali land. 
This will embrace the following subjects: 

1. The amount of water flowing into the alkalized area. 

2. The character of the strata through which the waters 
move, together with the size of the area drained. 

3. The change, if any, in the depth of the water level 
eaused by irrigation of the area in question. 

4. The rate of evaporation from the surface and the 
amount of alkali deposited. 

5. The depth to which the alkalization takes place. 

6. The effect on the composition of the soil. 

7. The effect of beet .growing upon the amount of 
alkali. 

8. The composition of the beets as to feeding value and 
for sugar. 

9. To determine whether a variety grown for tops only 
would not be better than varieties grown primarily 
for the roots yielded. 


ENTOMOLOGICAL SECTION. 


ie Collecting and rearing insects for the purpose of determin- 
ing food-habits and life-histories. 
Il. Experiments for the destruction of insect eggs. 


Ill. Wxperiments with the “Grasshopper Disease.” 
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Iv. Experiments to determine habits and remedies for ‘“‘Woolly 


Aphis.” 

Vv. Testing new insecticides. 

Vi. Experiments for the destruction of miscellaneous insect 
pests. 


VII. Experiments in the Apiary: 

1. To determine the value of sugar as winter stores. 

2. Testing apiary appliances. 

3. Making a collection and list of native honey and pol- 
len-producing plants with notes as to their possible 
value. 

4. Experiments to determine the nature of and remedies. 
for the disease known as ‘‘Bee Paralysis.” 


THE ARKANSAS VALLEY EXPERIMENT STATION. 
ROCKY FORD, COLORADO. 


AGRICULTURAL DIVISION. 

Ie Cereals: 

1. Comparative test of the cost and profit in barley. 

wheat, and corn growing. Five acres each. 

2. Test of the cost of production of corn on new alfalfa 

sod. Four acres. 

3. Test of varieties—barley, wheat, corn, and oats—on 

alfalfa sod. Two acres. 

Il. Grass and Hay Crops: 

1. Clover—Comparison of the merits of red and crimson 
clover as a hay and seed crop; also to test the 
merits of each for green manuring in the old 
orchard. 

Alfalfa—Old wheat and corn land to be seeded to al- 
falfa, a portion of the field to be sown alone, the re- 
mainder to be sown with oats, to test the merits of 
seeding with and without grain; also to furnish 
feed for the station horses. Seven acres in all. 

5. Pasture—Pasture tests, observations on present field 
of Bromus inermis; also to make an addition of 
three acres, sown to rye, timothy, and orchard grass. 
Six acres in all. 

4. Tests—Plat tests of new and untried varieties on 
plats 4% acre each. One and one-half acres. 

5. Irrigation—Record of the number of irrigations ap- 


plied to clover, in comparison to alfalfa, on new 
seeding. 


iw) 


II. 


Maile 
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GARDEN DIVISION. 


Vegetables: 


16 


Test of new and untried varieties with detailed re- 
ports on cultivation and adaptability to this cli- 
mate. Two acres. 

Cantaloupes on alfalfa sod, to test the cost and profit 
per acre; detailed record of cultivation and irriga- 
tion. One acre. 

Sugar beets. Test of varieties and cost of production 
on alfalfa sod. One-half acre. 

Potatoes on alfalfa sod; test by early and late plant- 
ing of all the most promising varieties that can be 
secured. Four acres in all. 

Miscellaneous planting for exhibition purposes. One- 
half acre. 


HORTICULTURAL DIVISION. 


Old Orchard: 


ue 


S)) 


a 


Observations on the effects of summer and winter 
pruning; also on inflorescence, setting, and fruit 
yields. 

Comparative tests of the methods of cultivating an 
orchard—clean cultivation, rye, red clover, crimson 
clover, and buckwheat for green manuring. 


New Planting: 


ile 


2. 


3. 


Apples, peaches, pears, cherries, plums and prunes, 
any new and untried varieties. Five or six. acres. 

Small fruits—strawberries, currants, gooseberries, 
raspberries, blackberries, and grapes. 

Forestry—addition to nut, shade, and ornamental 
trees. 

Hedge row tests of different kinds. Wind-break 
around the orchard. 

Additions of ornamental shrubbery and improvement 
of lawn around station cottage. 


IRRIGATION DIVISION. 


Measurement of water applied to different crops. 

Observations on the effects of water applied at morning, 
noon, and night, on a plat of garden peas, the results to be 
determined by the date of biooming and the yield. The 
three portions of the plat to be, otherwise, under the same 
conditions. Notes to be taken on the temperature of the 


water. 
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ADDITIONS APPROVED SEPTEMBER 21, 1896. 


Grain Culture: Test of varieties to be conducted for a series 
of years with detailed reports: 
1. On plats for preliminary results. 
2. The more promising varieties to be carried to a more 
practical test on field areas of an acre or more. 
Both fall and spring varieties to be tested.’ 
Winter Rye: To be sown as a station crop on land difficult 
to irrigate, to be seeded to alfalfa the first of May. Four 
acres. 


SAN LUIS VALLEY EXPERIMENT STATION. 
MONTE VISTA, COLORADO. 


Experiments with grain on spring plowing: 
1. Sowing wheat on a plat on which the stubble has 
been burned, the land then being plowed shallow. 
2. Sowing wheat on plat deep plowed—8 or 10 inches— 
and then thoroughly rolled. 
3. Sowing oats on land, which was in oats last year, 
after irrigating and plowing. 
Some experiments in small plats: 
1. Testing same varieties of early potatoes. 
2. Testing some varieties of grasses. Notes on small 
plats of grasses Sown last season will be taken. 


RAINBELT EXPERIMENT STATION. 
CHEYENNE WELIS, COLORADO. 


FARM DIVISION. 

Wheat: 

1. Defiance. One acre. 

2. To be selected. One acre. 
Oats: 

1. Excelsior. One acre. 

2. Black Russian. One acre. 
Barley: 

1. Highland Chief. One acre. 

2. To be selected. One acre. 
Corn: 

1. White Kansas King. Four acres. 

2. Colorado White. Four acres. 
3. Queen of the Field. Four acres. 
4. White Australian. Four acres. 
5. Selected corn on trial plats. 
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Vi Canes: 
1. Egyptian Rice Corn. Two acres. 
2. Milo Maize. Two acres. 
3. Kaffir Corn. Two acres. 
4. Sorghum. Two acres. 
Vi. Broomcorn: Three varieties. Six acres. 
VII. Potatoes: Selected, on one and one-half acres. 
VIII. Field Peas: Canadian, one-half acre. 
IX. Beets: Selected, on one-fourth acre. 
XG Grasses: Selected, on trial plats. 


GARDEN DIVISION. 


te Small plats, selected vegetables including melons, pump- 
kins and squashes. 
II. ‘Trees: 


1. Nineteen trees planted in the spring of 1895 have died. 
Pianted. Died. 


BEN MD Aavis soa stance cette oriseicienercladnleaite eres 25 i! 
DWV END SS AT as focctersyoravararcterosotavattrera cletaratcrs atclvleveietelsleta cielo 10 0 
MOREL OT” SV RCO ciara iaiore, /asavarstorere ojara sjocareyaverevevetereeteisisres 12 5 
MNEISSOUTI PIPPIN’... oct viene oelaceetre aisles sacleter 3 2 
OTUUE OMe Foyer eyes loje oie oieyelare svetorore wlele svale cieieyais’s.cievarsjetare 12 al 
EVOTIGA TUE C gies oats o sleisicicley ae sevelsteisys evel eo ieeerste rele 2 0 
FRCTISOW EL aclevevase.e siete sm cislsis ole cise vers eeieie elcisieie 2 0 
Cennbeayse) (Err hs ohoncanuncdoonocdcduanoaTcn. 5 0 
L8G! PN IANCITEN Ns Aaa bs GndobqquodoEEodedcoudoDe 5 0 
GUS S Laima eA rel CO Latevetelstes are oreleieioiewrieielaioisieiniersiatorels 6 3 
HarlyeRichmonds CHOLLrYnrscteieietssiowielaiecen cients 12 2 
English Morello Cherry.............+.....- 12 5 
e os ——s 

ANDEAN innoposaccodsacnaodoaShennasnGOOnoocnS 106 19 


2. Hight trees are lacking to fill out the plat under fence. 
Thus, to make good the loss of last year and to com- 
plete the planting of the plat, twenty-seven trees 
are needed. 


STATION PUBLICATIONS. 


Section 4, of the congressional act relating to ex- 
periment station begins as follows: “That bulletins or 
reports of progress shall be published at the said sta- 
tions at least once in three months.” The first bulletin 
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from the station was issued in August, 1887, The whole 
number of bulletins now in print is thirty-five. 


No. Subjects. Authors. 
1. Reports of Experiments in Irrigation and Meteorology. . 
S araveyalals kigcd ob aiwuslas ib avalon la: ves aolals Recehenel oes ereme Cem tciens Elwood Mead 
2. Report of Experiments with Grains, Grasses, and Veg- 
etables on the College Farm......... 8 oe eee A. BE. Blount 
3. Concerning the Duties of the Secretary of The State 
Board of Agriculture, and Distribution of Seeds...... 
ee ee RO pens ot Or bake n ad Gio b Frank J. Annis 
4. Report of Experiments with Potatoes and Tobacco...... 
c(Rtilishin io a Sash» seppenaue a ottelagelegate eteae metatemneteh (anor Mek mene James Cassidy 
5. SExperiments! ine the Apiary aoe eke teeters C. M. Brose 
6. Notes on Insects and Insecticides.............James Cassidy 
he P aes James Cassidy 
(.. Potatoes and Sugar Beets. a2 0-5-0 ere David voles 


8. Alfalfa: Its Growth, Composition’ and Di- 
David O’Brine 
James Cassidy 
9. ‘Soils and Alkali<: sk cede spent eee David O’Brine 


PX H 10) UM ae IEsG Ser oeicis Gi on a aoo NB bce 


David O’Brine 
LO. Tobaeeowc3 s a.02 8s <dwtda oe sla eee etree - 
James Cassidy 
C. I. Ingersoll 
Leo Sugar Beets 05 2. ctsiasbaneeemtys cee epee ieeeriors 


David O’Brine 
12. Some Colorado Grasses and their Chemical 

David O’Brine 
James Cassidy 
13. On the Measurement and Division of Water..L. G. Carpenter 


Analysis 


14. Progress Bulletin on Sugar Beetsagewac- sce David O’Brine 
15. ‘The Codling Moth and the Grape-Vine Leaf-Hopper..... 
wise selcei ceria tyeszay.ev aya" avi) 5, 6) eile ave) etic arene eee Re emcee Cc. P. Gillette 
16. The Artesian Wells of Colorado and their Relation to 
IPrigation yo rccis.c scree ees Oe ee L. G. Carpenter 


17. A Preliminary Report on the Fruit Interests of the State 
ah alse! w Yodel s'eesohay'al aces vol ohastes vege Ripe te eRe ec ee ee Cc. 8S. Crandall 
18." Index Bulletin? <2). 2s eee ee W. J. Quick 


Special Bulletin ‘‘A’’ Concerning Subjects Investigated by 
the Experiment Station 


19. Observations upen Injurious Insects, Season of 1891..... 
wisehei tah n) Bi'84) 4) fo" 01 Sy atts WETIELC MDNR MLOR TC Pa Sai TCR eae C. P. Gillette 
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I. The Best Milk Tester for the Seca! 
20. Use of the Farmer and Dairyman 


Ii. The Influence of Food upon the Pure Fat Soleus 
Present in Mille ee ee a eee ceaec oe | 
IS SUCALL BCCtS epic te ten eenn ne 
Li rish ROlAtOes as aoe ace F. L. Watrous 
eerily shel Shomer teen ee ene 
Zoe OOLOTACO- WiCCUS amin crae een e te ie irae Cc. S. Crandall 
22. A Preliminary Report on the Duty of Water.L. G. Carpenter 
2 eee Ae CWe Common Ligect el esteem amen re crile C. P. Gillette 
25. Progress Bulletin on the Loco and Larkspur..David O’Brine 
Garden Notes for 1898............. { Marion J. Huffington 
C. S. Crandall 
26. : { W. W. Cooke 


Ha UiiNOLES TORRLS OS errr emer tar ie. hers 
\ rank L. Watrous 


Seeding, Tillage, and Irrigation.............. Fred. Huntley 

27. The Measurement and Division of Water. (Third Hdi- 
tion, Revised, of Bulletin No. 18).......... L. G. Carpenter 
PST CEC SST AMO E IRISEL Oi ais seis sete) bee cdeteuste skal ousthetensteles C. S. Crandall 


29. Strawberries and Grapes: Notes on Varieties............ 

W. W. Cooke 

Frank L. Watrous 

RUA Notesson MomMaloes: .a.cccss enact eae Marion J. Huffington 
C. P. Gillette 

{ Carl F. Baker 


305. 1) ParmeNotes for (894............. 


Siqiemiptera oh, Colorado. ..as-) ae een cee 


54, Shiveeyo Teechvaves mal COE 65 oo bo oocoudcpuoas W. W. Cooke 
33. Seepage or Return Waters from Irrigation..L. G. Carpenter 
SAO atiie meeding 1m COlovaGd Op rrters eet netstat: W. W. Cooke 
OS ANTHERS Fae ee See ees eee AICI IAI ins CO gna a ole cheer Wm. P. Headden 


Bulletin No. 35 is now in ‘press. It would have been 
distributed ere this but for the printer’s slow movements. 
The close of the year again finds us short of the required 
number of bulletins. The amount of matter presented in 
the three bulletins, issued within the year, is more than 
sufficient, if divided, to fulfill the statutory requirement 
before quoted. I think it advisable to issue a bulletin 
just as soon as investigation secures anything of value, 
without waiting for the preparation of everything that 
may properly relate to its title. Bulletins are like reports. 
It is not always the longest that contains the most. 
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The Eighth Annual Report of the Station was printed 
as a part of the Seventeenth Annual Report of The State 
Board of Agriculture. The Station report covered about 
100 pages. Its cost, for an edition of 1,500 copies, was 
$100. Bulletin No. 33 contains 64 pages. An edition 
of 8,000 copies cost $230.55. There are 36 pages in Bul- 
letin No. 34. The cost of the edition of 6,000 copies was 
$135.40. The cost of Bulletin No. 358,000 copies—will 
not be less than $600. It will contain at least 100 pages 
of printed matter and, in addition, 14 pages of plates. 
The half-tones printed upon selected paper and the neces- 
sary tabular work swell the cost to the sum named. 


CONCLUSION. 


In the preceding pages I have tried to set forth the 
present condition of the Experiment Station. I am of 
the opinion that the lines of work attempted should be 
drawn within narrower limits. A worker becomes lost 
in a large field, within which widely divergent operations 
may be going on. We speak of “intensive farming,” and 
have a pretty clear idea of the meaning of the words. 
I would have that idea take possession of those who 
direct the progress of most of our station work. That 
work should be both scientific and practical—should be 
prosecuted by those able to plan and execute something 
original and join the product of such original investiga- 
tion to the practical operations of the farm in a manner 
to render them more far-reaching in good results. The 
Scientist seeks out principles and reasons with the pur- 
pose of making them serviceable in some work in prog- 
ress, or needed. He needs to know conditions before he 
can hope to make his efforts available for modifying 
them. Here is where some weakness in station work is 
made apparent. Experimental work at the Home Sta- 
tion may be highly suggestive to farmers in northern 
Colorado but may be much less so to those working 
amid conditions quite different. Even should the sub- 
station management be continued under State patronage, 
it seems to me desirable to have other work, co-operative 
with that of the Home Station, in progress in other locali- 
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ties in the State. The cost of this co-operative work 
would be but trifling, being chiefly the expense of its 
inception and subsequent inspection by some station of- 
ficer. As soon as some definite understanding is reached 
with reference to the future of the sub-stations, experi- 
mental work will be prosecuted with more certainty and 
with better outcome. 


Respectfully submitted, 
ALSTON ELLIS, 


Fort Collins, Colorado, Director: 


December 9, 1896. 


REPORT 


OF THE 


AGRICULTURAL SECTION. 


To the Executive Committee of The State Board of Agri- 
culture: 

Gentlemen—I have the honor to present herewith 
the annual report of the experimental work done by the 
Agricultural Section of this Station. 

The work has gone on with but little interruption. 
The results have in the main been fairly successful. The 
nearest to a failure in the experiments was in the case 
of the sugar beets that were badly injured by the severe 
hailstorms of the early summer. 

In cereal crops tests were made of wheat, oats, and 
barley the second year from alfalfa sod as compared 
with similar contiguous land that had not been in alfalfa. 
In each case the alfalfa sod produced much the better 
results; with wheat as 100 to 90; with oats as 100 to 60, 
and with barley as 100 to 45. 

Tests were made with wheat from hand-picked seed 
‘and yielded some very fine grain running over forty bush- 
els to the acre. 

The work of the previous year was repeated on corn 
grown from seed that had been raised in various alti- 
tudes and latitudes. For the production of grain, the 
seed from Colorado has given as good results as that from 
any other state, but for growth of fodder for ensilage 
purposes, corn from a lower altitude and latitude has 
proved superior. 


116 NINTH ANNUAL REPORT 


The third season’s experiments on the use of ensilage 
are now in progress. It is yet too early to tell what will 
be the final verdict on ensilage in Colorado. The past 
two winters’ feeding has, however, definitely settled the 
question for us of its-adaptability for steer feeding. It 
has proved valueless for that purpose when the steers 
are fed outdoors in cold weather. It does not seem prob- 
able that any future work will change this conclusion. 
The above remarks apply both to corn ensilage and to 
ensilage made of alfalfa. It has been a favorite idea 
that alfalfa alone or alfalfa and corn together would 
make a perfect ration. This is frequently advocated by 
those who have never seen alfalfa ensilage and especially 
by those who have never lived in an alfalfa country. 


If the process of ensilaging has value, this value 
must lie in one or more of three results. It must preserve 
the fodder more perfectly, or it must increase its palat- 
ability, or it must so prevent loss that the dry matter of 
the ensilage has greater feeding value pound for pound 
than that of the dry fodder. Alfalfa ensilage fails in all 
these particulars. Though the results of the investiga- 
tions of the Chemical Department of this Station show 
enormous losses in curing alfalfa and handling it in the 
dry state, yet they are scarcely larger than the losses 
by fermentation in the silo. Stock eat dry alfalfa readily 
and greedily, so that making ensilage of it cannot in- 
crease its palatability; while our tests show that there 
is no gain in the feeding value of the matter itself. With 
no positive benefits, there is an increased cost of labor 
in filling the silo and feeding out the contents, that more 
than doubles the cost of feeding any kind of stock on 
alfalfa ensilage as compared with dry alfalfa from the - 
stack. 

There remains yet to be solved the question of the 
feeding of corn ensilage to sheep and milch cows. Some 
work done last winter seems to indicate that ensilage 
is a profitable feed for stock sheep and it is being re- 
peated this winter as also are our former tests on ensilage 
to milch cows. 
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Some forage crops grown the past season have given 
very good results. This was especially true of the 
millets of which the Japanese stood about four feet high 
with very large seed heads and yielding nearly twenty- 
five tons of green forage per acre, equivalent to about 
six tons of well-cured hay. African millet yielded a still 
greater weight of forage on stalks six feet high, but the 
yield of grain was less and the grain shattered badly. 
The millets were sown May 25 and harvested the middle 
of September. These yields are larger than any we 
have previously obtained and seem to be due in large 
measure to the use of water in irrigation and to irrigat- 
ing late in the season. The same general results were 
obtained with some new ensilage corns. One in particu- 
lar, the “Giant Mexican June,” produced stalks eight 
inches in circumference and at twelve feet high, the first 
of October, were just beginning to show a tassel and no 
sign of an ear. The yield was forty-two tons of green 
fodder per acre. The fall of 1896 was quite favorable 
to the growth of such crops and the above results are 
probably higher than could be generally expected. 

The work in dairying has been carried out on the 
same lines as indicated in previous reports. The results 
so far obtained seem to indicate that the claims of sep- 
arator manufacturers as to their advantage in a small 
dairy are not valid. The work is now being repeated 
before the results are published. 

The series of feeding experiments with milch cows, 
begun some time ago, is still in progress. These experi- 
ments have for their general object the determination 
of how much alfalfa can profitably be fed to a cow; or, 
to put it in another way, whether there is anything else 
that can be profitably fed to take the place of part of the 
alfalfa. 

Alfalfa is particularly rich in muscle or flesh form- 
ing material and rather poor in the heat or fat producing 
elements. The corn plant in all its parts, as well as su- 
gar beets and the grain of oats and barley have the op- 
posite properties. All book rules for animal feeding 
claim that a mixture of these two classes of foods will 
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give better results than either separately. Yet Colorado 
farmers largely feed wheat bran with their alfalfa in- 
stead or corn meal and good results have been reported 
from the feeding of cottonseed meal with alfalfa—a ra- 
tion entirely at variance with all standards. It seems de- 
sirable that extensive tests be made to determine the 
reasons for the different results obtained by eastern and 
western feeders. 

The experiments with sheep have been continued the 
past year and are still in progress. In connection with 
the Department of Zodlogy and Entomology some ex- 
tensive tests have been made this fall on the dipping 
of sheep for the cure of scab. The results will be pub- 
lished by that Department in the near future in bulletin 
form. 

The work of previous years in cattle feeding was 
continued last winter and the results embodied in Bulle- 
tin No. 34, of this Station, on “Cattle Feeding.” 

A bulletin on the “Birds of Colorado” will be ready 
for the press by the end of December. 

Other work in feeding has made satisfactory progress 
during the year both in hog feeding and in the raising 
of spring lambs. 

Especial attention has been and is being paid to the 
growth and feeding of barley with the expectation of 
making that the subject of the next bulletin from this 
Section. 

One of the most interesting experiments of the year 
is in connection with the “Idaho Coffee Pea.” This 
has been grown on the farm the past two years and 
has demonstrated its ability to make a large growth with 
plenty of water and a fair growth with a very limited 
supply. It belongs to the pea family; is grown in rows 
thirty inches apart and the plants six to twelve inches 
apart in the rows. Its growth on the farm indicates 
that it can be raised for about one cent per pound. 

The taste is a very good imitation of true coffee. 
One would easily get to liking the taste*of the pure Cof- 


fee Pea, but it would generally be used mixed half and 
half with real coffee. 
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A test was made a few days ago in the Department 
of Domestic Economy of this College on its merits com- 
pared with that of the best grade of pure coffee that 
could be found in the Fort Collins markets. . Six mem- 
bers of the College Faculty scored the beverage, without 
knowing the source of any of them and the average score 
was ninety-seven for half coffee pea and half coffee as 
against one hundred for pure coffee. 


Respectfully submitted, 
W. W. COOKE, 
Agriculturist. 


Fort Collins, Colorado, 
November 380, 1896. 


REPORT 


OF THE 


SECTION OF BOTANY AND 
HORTICULTURE. 


To the Executive Committee of The State Board of Agri- 
culture: 


Gentlemen—-I- have the honor to submit the follow- 
ing report on the work in charge of the Section of Bot- 
any and Horticulture: 

Fruits. 

Apples—The nursery which now contains trees one, 
two, and three years old is divided into two blocks, one 
located on low and naturally moist land under the Town 
Ditch; the other on higher and drier land watered from 
the No. 2 Ditch. The soil of both blocks is a clay loam, 
but that on the low land is black and heavy, while on the 
higher block it is lighter and easier to work. The ap- 
parent differences in the behavior of the trees on the two 
blocks seems, however, to be due more to prevailing dif- 
ferences in the amount of water present in the soil than 
to the character of the soil itself, or to other differences 
in the two locations. 

In a previous report the injury from the extreme low 
temperatures of the winter of 189495 was remarked 
upon. The greatest injury was done to the trees upon 
the low land and this was attributed to insufficient ripen- 
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ing of the late growth induced by the naturally moist soil. 
On the higher land the trees made less growth, but 
ripened better and showed less injury. During the win- 
ter of 1895-96 the conditions were very different. There 
were no protracted periods of low temperature, very lit- 
tle moisture in the form of rain or snow, and an unusual 
amount of warm dry wind. For a great portion of the 
winter the soil was free from frost. Evaporation was 
continuous, reducing the soil moisture on the high land 
until there was not enough to supply the demands of the 
trees. Under these conditions the effects noted for the 
preceding winter were here reversed. 

The trees on the low land escaped injury, while 
those on the dry ground suffered severely. The injury 
was manifest early in the spring in the shriveled trunks 
and branches of many of the trees. Young trees showed | 
greater injury than did the older ones; some of the lat- 
ter losing only the tips of the branches, but even these 
showed in the small growth made during the summer 
that their vitality had been much impaired. Had water 
been available for a thorough irrigation late in the fall 
it is probable that the injury would have been less, but 
I do not think it would have entirely prevented it. 
Shrubs and ornamental plants on similar soil that was 
thoroughly saturated by irrigation in November showed 
marked injury of the same character as shown by the 
apple trees. 

As grown under the conditions above outlined there 
is no warrant for final judgment as to the hardiness of 
the varieties represented, or as to their adaptability to 
our climate, but for a comparison of the relative be- 
havior of the varieties, and for convenience, we have 
classified those which have passed through two winters 
under three divisions, and enumerate them below as 
Hardy; Half-Hardy; and Tender. The first division in- 
cludes those varieties showing only slight injury or none 
at all. The second, those that have killed back partially, 
_ but not to the extent of rendering the injury permanent. 

The third, those that have suffered severely, and do not 
give promise of recovery. 
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HARDY 


ON LOW LAND. 


Duchess. 

Karly Colton. 

Fink. 

Gano. 

Gravenstein. 

Isham Sweet. 
Jonathan. 

Lissof Seedling. 
Mann. 

Pewaukee. 
Tetofsky. 
Walbridge. 
Wealthy. 

White Winter Pearmain. 
Willow Twig. 

Wolf River. 

Wyeth. 

Yellow Transparent. 


ON HIGH LAND. 
Bailey’s’ Sweet. 
Ben Davis. 

Dyer. 

Gideon’s Best. 

sill’s Beauty. 
Golden Sweet. 
Large Striped Pearmain. 
Maiden's Blush. 
Martha Washington. 
Minkler. 

Newtown Pippin. 
Nickajack. 

Red Limbertwig. 
Western Beauty. 
White Bellflower. 


HALF HARDY. 


ON LOW LAND. 
Aikin. 
' Alexander. 
Arkansas Black. 
Autumn Strawberry. 
Beauty of Kent. 
Benoni. 
Big Romanite. 
Buncombe. 
Chenango 
Coffelt. 
Colvert. 
Cullasaga. 
Early Harvest. 
Early Red Margaret. 
Early Strawberry 
Fameuse. 
Gideon. 
Haas. 
Indian. 
Iowa Blush. 
Little Romanite. 
Lowell. 


ON HIGH LAND. 


Benoni. 

Borsdorfer. 
Buckingham. 

Colvert. 

Cooper’s Market. 
Delaware Winter. 
Domine. 

English Golden Russet. 
Grimes’ Golden. 

Key’s Winter. 

King. 

Kossuth. 

Nelson’s Sweet. 
North-Western Greening. 
Northern Spy. 
Rankins. 

Rhode Island Greening. 
Salome. 

Shiawassee. 

Stark. 

Vandevere. 

York Imperial. 
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ON LOW LAND. 


McIntosh Red. 
McMahon. 


Mammoth Black Twig. 


Milam. 

Obio Nonpareil. 
Plumb’s Cider. 
Price’s Sweet. 
Rawle’s Janet. 

Red Astrachan. 
Red Winter Sweet. 
Roman Stem. 
Seek-No-Further. 
Shackleford. 
Shockley. 

Summer Queen. 
Sweet Bough. 
Talman’s Sweet. 
Vandevere. 
Wagener. 

Winesap. 

Yellow Transparent. 


ON LOW LAND. 


American Golden Russet. 
American Summer Pearmain. 


Arkansas Beauty. 
Autumn Swaar. 
Belmont. 

Blue Pearmain. 
Brightwater. 
Carolina Striped June. 
Clayton. 

Cooper’s Early. 
Crawford Pippin. 
Early Pennock. 
Fail Pippin. 
Grindstone. 
Huntsman. 
Ingram. 
Keswick. 

Lady. 


ON HIGH LAND. 


Autumn Swaar. 
Brightwater. 
Hnormous. 
Garden Ball. 
Hatcher’s. 
Kinnard’s Choice. 
Langford. 
Longfield. 

Lord Nelson. 
Loy. 

N. Carolina Limbertwig. 
Painted Lady. 
Smokehouse. 
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ON LOW LAND. 
Missouri Pippin. 
Monmouth Pippin. 
Peck’s Pleasant. 
Rainbow. 

Rambo. 

Red Bietigheimer. 
Red June. 

Red Winter Sweet. 
Rome Beauty. 
Shannon Pippin. 
Smith’s Cider. 
Sops of Wine. 
Spitzenburgh. 
Summer Rose. 
Twenty Ounce. 
Utter’s Red. 
Winter May. 
Yellow Beilflower. 
Yellow Horse. 


The tract of farm land covering 6-4 acres which was 
transferred to this department last spring for orchard 
purposes was given thorough preparation, and about five 
acres were planted with two year old station grown trees. 
The number of trees set was 480, representing 140 va- 
rieties. The work of planting was commenced as soon 
as it was known that water was available, but soon after 
starting the water was shut out and remained out for 
two weeks. All the hose.obtainable was brought into 
use, and the trees within reach of the hydrant received 
water, but a few rows beyond reach got none until water 
was again turned into the ditch. These rows show many 
vacancies and will be replanted in the spring. 


The soil in this orchard seems well adapted to the 
growing of trees, and, with an assured water supply a 
fair test of the varieties under trial would be aiforded, 
but the unusually scant supply of the past season made 
the starting of the orchard somewhat unsatisfactory. On 
the eighth of April there were shipped from the station 
nursery, for trial at the Rocky Ford sub-station 233 trees 


representing 77 varieties. 
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Pears. 
The following varieties are now represented in the 
station nursery: 


Bessemianka. Lawrence. 

Buffum. LeConte. 

Clapp’s Favorite. Louise Bonne of Jersey. © 
Edmond’s. Mount Vernon. 

Idaho. Vicar. 

Keiffer. 


An equal number of scions of each variety was 
grafted on French pear stocks, and on Quince stocks, and 
the trees have grown in contiguous rows in the low land 
nursery. None of the varieties named have done well 
on the Quince stocks. The dwarfing action of the stock 
seems to have gone beyond the limit of healthy growth, 
and the trees present a stunted and sickly appearance. 
On pear stocks the growth of all varieties has been good, 
but the Clapp’s Favorite exceeds them all in vigor and 
appearance. All varieties were slightly injured by the 
low temperature of the winter of 1894-5, but made a 
good growth the following summer, and came through 
last winter without injury. 


Piums. 


The old plum orchard contains the following va- 
rieties.— 


Coe’s Golden Drop. Miner. 

Forest Garden. ‘Prairie Flower. 
Little Blue Damson. Russ No. 2. 
Marion. Wolf. 


All have been in fruit for several years. We have 
no record of the age of the trees, or of their origin. All 
appear perfectly hardy. Coe’s Golden Drop is an ex- 
cellent plum of English origin, but is unproductive here. 
Of the other varieties, Wolf is the most productive and, 
although not of the best quality, is the most profitable 
for this section. A severe hailstorm on June 5th, did 
considerable damage to foliage and fruit. 

In the spring of 1894 the orchard was extended south 
to the banks of the Town Ditch. In this addition are 13 
rows containing 227 trees which represent 76 varieties. 
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Most of the trees were obtained from the East Shore 
Nurseries of J. W. Kerr at Denton, Maryland. A few 
were station grown from scions obtained: from various 
sources. 

A number of varieties flowered and set fruit this 
season, but owing to the hail of June 5th, ripe fruits 
were obtained from only four varieties, namely—Weaver, 
Speer, Cheney, and LeDuc. 

In the matter of hardiness the trees exhibit all de- 
grees, from perfectly hardy, to very tender and unsuited 
to our conditions. Classified on the basis of hardiness 
into the three classes—Hardy—Half-Hardy—and Tender, 
the varieties fall into groups as below. Each class is di- 
vided to indicate the species from which the variety is 
derived, and the place of origin is given where known. 


HARDY. 
Prunus Americana. 
American Eagle, Missouri. Minnetonka, Minnesota. 
Cheney, Wisconsin. Ocheeda, Minnesota. 
Deep Creek, Kansas. Roek fords cccccss 
. Forest Garden, Iowa. Rollingstone, Minnesota. 
Hawkeye, Iowa. Speer, Lowa. 
Joe Hooker, ...... Weaver, Iowa. 
Prunus Americana mollis. 
Vap Buren, Iowa. Wolf, Iowa. 
Prunus hortulana Mineri. 
Idol, Illinois. Miner, Pennsylvania. 


Primus pumila. 
Maryland. 

Prunus domestica. 
Little Blue Damson, Foreign. Moore’s Arctic, American. 
Moldovka, Russian. Silver Prune, Foreign. 


Not classified. 
Comfort. 
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HALF HARDY. 


Prunus Americana. 
PAD TICOU wn: oh 
Colorado Queen, ...... 
Efarrison, cen: 
Ida, Illinois. 
Illinois Ironclad, [linois. 
Kampeska, ...... 
Le Due, Minnesota. 
Leonard, ...... 
Prunus hortulana. 
Clark, Maryland. 
Garfield, Ohio. 
Kanawha, Georgia? 


Missouri Apricot, Missouri. 


Prunus hortulana Mineri. 
Prairie Flower. 
Prunus Maritima. 
Bassett, New Jersey. 
Prunus triflora. 


Maquoketa, Iowa. 

Moon, 2. cere 

Peffer’s Premium, Wisconsin. 
Winnebago, Minnesota. 
Kopp, Minnesota. 

Wyant, lowa. 

Yellow Sweet, Minnesota. 


Southern Beauty, ...... 
Whitaker, Texas. 
World Beater, ‘Tennessee. 


Burbank, Japan. Ogon, Japan. 
Prunus Simonii. China. 
Prunus domestica. — 
Bradshaw. Saratoga. 
German Prune. Shropshire Damson. 
Lombard. 
Not classified. 
Champion. Holt. 
Hammer. Spanish King. 
Hattie. Trabasche. 
TENDER. 


Prunus Americana. 
Cottrell, Minnesota. 
Hill Top. 

Honey. 

Prunus hortulana. 
Choptank. 

Smiley. 

Prunus hortulana Mineri. 
Clinton, Minnesota. 
Forest Rose, Missouri. 

Prunus chicasa. 

1 Paso, Texas. 


Purple Yosemite. 
Quaker. 
Wild Rose. 


Poole’s Pride, Illinois. 


Indiana Red, Indiana. 
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Prunus domestica. 

Spaulding. Minnesota, Sweden. 

The orchard has been given clean culture during the 
summer. As a protection against “frost cracks” the 
trunks of all young trees have been wrapped with bur- 
_ lap. 

Scions of two ‘of the Japanese varieties Ogon and 
Burbank top-grafted in 1894, the Ogon on wild Prunus 
Americana, the Burbank on Prairie Flower, fruited in 
1895 and again this season. Two other varieties top- 
grafted on Prairie Flower fruited this season. Yellow 
Aubert, introduced from Russia, and the German Prune, 
both of the domestica class. These are all desirable va- 
rieties deserving further attention. 

Small fruits. 

The block of small fruits was increased last spring 
by the addition of a number of the newly introduced va- 
rieties. The plantation now embraces the following— 


BLACKBERRIES. RASPBERRIBS. 

Red. Ancient Britain. 
Marlboro. Ohmer. 

Golden Queen. Eldorado. 
Cuthbert. Snyder. 
Turner. Agawam. 
Royal Church. Krie. 

Black cap. Stone’s Hardy. 
Hilborn. Wilson’s Warly. 
Ikansas. Wilson Jr. 
Carman. . CURRANTS. 
Gress: Raby Castle. 

Purple cane. North Star. 
Bonet. Victoria. 

GOOSEBERRIES. Red Dutch. 

Oregon Champion. Fay. 

Smith’s Improved. Cherry. 

Industry. Versaillaise. 

Houghton. White Grape. 

Downing. 

Strawberries.— 


The number of varieties now represented on the 
station grounds is 73; of these 55 were in fruit this sea- 
son. The qualities of about half of the fruiting varieties 


9 
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were noted in bulletin No. 29, but for comparison with 
new introductions, and for still further trial, most of them 
are still retained. Of the varieties reported upon all but 
three maintain the estimate placed upon them. The Wol- 
verton, Gandy, and Loudon which received favorable 
mention did not do well this season; the plants made but 
small growth, and were unproductive. The early va- 
rieties under trial were damaged to some extent by late 
frosts, and the product of all varieties was materially 
diminished by the destructive hail of June 5th. 

A tentative classification based upon productiveness 
and vigor of growth as observed this season, into groups 
which we may call Good, Medium, and Poor, would sep- 
arate the varieties as listed below. 


Good. Medium. Poor. 
Bederwood. Barton. Atlantie. 
Belle of LaCrosse. Beverly. Bessie. 
Captain Jack. Boynton. Bubach. 
Crescent. Cornelia. Gold. 
Cumberland. Hureka. Greenville. 
EKdward’s Favorite. Glendale. Mark. 
Edgar Queen. Gandy. Mrs. Cleveland. 
Pnhance. Goy. Hoard. Ontario. 
Jessie. Gypsy. Timbrell. 
Louise. Haverland. VanDeman. 
Luella. Ironclad. Westlawn. 
Parker Earle. Jumbo. 

Pearl. Lady Rusk. 
Stayman’s No. 1. Leader. 
Summit. Lida. 
Warfield. Loudon. 
Lovett. 
Manchester. 
Monarch. 
Princess. 
Puritan. 


Shuster’s Gem. 
Seedling of Downing 
Thompson. 
Tippecanoe. 

Wilson. 

Wolverton. 

Yale. 


° 
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We here have 16 varieties in which good qualities 
predominate, and which have been sufficiently tested to 
warrant recommending them for planting. Parker Earle 
—Warfield—and Edward’s Favorite head the list for both 
home use and market. Crescent and Captain Jack are 
valuable particularly as market berries. For home use 
only we consider Louise as the best, with Belle of La- 
Crosse and Cumberland next. 

The 28 varieties rated as medium are by no means 
condemned, but none of them have for this season shown 
productiveness and vigor sufficient to warrant an un- 
qualified recommendation. Further trial is needed before 
judgment is passed upon them. 

The varieties classed as poor, 11 in number, do nee 
seem suited to our conditions. Most of them came to 
us highly recommended, and in some localities they un- 
doubtedly do well, but their behavior here warrants the 
rating as poor. 

The following 18 varieties are recent acquisitions 
whose fruiting qualities have yet to be tested. 


Annie Laurie. Hatfield. Longworth Prolific. 
Aroma. Hersey. Margaret. 

Bisel. Ivanhoe. Murray. 
Brandywine. Jay Gould. Phillips. 

Brunette. Jucunda Improved. Rio. 

Cyclone. Lady Thompson. Tennessee Prolific. 


With a view to the production of new varieties some 
work in crossing has been attempted. Pollination was 
performed on 124 flowers, and from these were obtained 
88 perfect fruits, and 21 imperfect fruits. As the result 
of these crosses we now have growing about 500 seed- 
ling plants. There are also 39 strong seedlings derived 
from crosses effected in the greenhouse during last winter. 


Grasses.— 
During the past six years plat culture of grasses and 


forage plants has each year received some attention. 
There have been tested about 150 native and introduced 
species. Some that are valued in certain portions of the 
world prove weedy and worthless here, while others are 
as plainly of value for either pasture or hay, or for both. 
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The extension of the Mechanical Engineering Build- 
ing last spring made the removal of most of the old plats 
necessary. New plats to the number of 36 were added 
in which were sown seeds sent us for trial by the Divis- 
ion of Agrostology of the U. 8. Department of Agricul- 
ture. Some of these had been previously grown, and 
some were new. 

Through the courtesy of Mr. George H. West of 
Greeley we received late in the summer, small packets 
of seeds of 75 species from the house of A. Le Coq and Co. 
of Darmstadt, Germany.» It is the intention to sow these 
in the spring. 

Herbarium specimens of all species grown have been 
preserved, and about 50 species have been photographed 
to record peculiarities in habit of growth. The accumu- 
lated notes on these grasses will be brought together for 
presentation in bulletin form as soon as possible, but I 
desire to record here the notes on a few of the species 
that have been tried, with our estimate of their value. 


Eleusine coracana Gertn.—African Millet. 


An annual grass native in India, Africa, and South 
America. In both India and Africa it is cultivated for 
forage and also for the seed, from which a flour is made 
that constitutes an important part of the food of the 
poorer classes. The plants are rather coarse in habit; 
the stems are flat, leaves ample, and the digitate, many- 
flowered spikes produce seed in abundance. Seed was 
sown May 2; the plants reached a height of 20 inches, 
were in bloom August 20, and ripe by September 15. Our 
first experience with this grass was in 1890 when small 
plats were grown, with, and without irrigation. It showed 
ability to resist drouth, and without water grew 12 
inches high and produced seed. On the irrigated plat 
the plants were double the height with a corresponding 
increase in leaves. Plats grown in 1891 and 1892 from 
seed raised here showed a marked diminution in the 
size of the plants. The grass will not stand pasturing, 


and the bulk of forage produced does not commend it as 
a hay grass. 
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Two other species of this genus—Eleusine Zigyptica 
and Eleusine Barcincense, were grown, but neither de- 
veloped economic qualities equal to the species coracana. 


Diplachne imbricata (Thurb.) Scribner. 

This is an annual native in New Mexico and Arizona. 
Stems numerous 6 to 18 inches long, a few of them 
ascending, but the greater number prostrate. Growth 
slow, the plants not coming on flower until September. 
Jt does not appear to be of any value. 


Festuca duriuscula L. Hard Fe&cue. 

Seeds of this grass sown last spring did not germ- 
inate, but as we have grown it in previous years it may 
be mentioned here. It is found in the parks and mount- 
ain meadows of the northern part of the State at alti- 
tudes of from 7,000 to 10,000 feet in company with the 
Sheep’s Fescue—Festuca ovina, apparently native. It is 
distinguished from the Sheep’s Fescue by its taller and 
more robust growth, and its more open panicle. Under 
plat cultivation it grows two feet high, and produces a 
thick mass of radical leaves; it is somewhat stoloniferous, 
and maintains its character as a “bunch grass.” We re- 
gard it as valuable for pasture. 


Muhlenbergia glomerata Trin.—Spiked Muhlenbergia. 
This grass is a native of Colorado. It is common in 
moist meadows, along streams, and on ditch banks. In 
some localities it forms a considerable portion of the 
hay from native meadows. The stems are erect, about 
two feet high, very leafy. During this season, and in 
previous seasons, as grown on the station plats it has 
shown the qualities of a good hay grass, and the com- 
monly expressed opinion that it is valuable seems fully 


confirmed. 

Muhlenbergia sylvatica Torr. Wood Muhlenbergia. 
This grass is also a native, but less common than the 

preceeding and inhabiting drier situations. It is slender, 

rather diffuse, about 20 inches high, yielding a small 

amount of forage, and is apparently of little value. 
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Panicum miliaceum L. Common Millet. 


A coarse, leafy grass two feet high. It grows rapidly 
and ripens early. It makes an excellent green food for 
cattle, and for this use should be cut when the plants 
are in bloom. When over-ripe the stems become hard 
and are of little value. It is of Asiatic origin and was 
anciently cultivated for the seeds which served as an 
article of food. 


Panicum Texanum Vasey. Texas Millet or Colorado 

Grass. } 

This is an annual, native in Texas where is it prized 
as a hay grass. As grown here the stems are from 8 to 
20 inches long, decumbent, rising only a few inches above 
the ground. The leaves are short, broad, and very 
abundant. It promises nothing as a hay grass, but being 
strongly resistant to drouth may be valuable in pasture 
mixtures. It produces an abundance of seeds, and will 
doubtless prove persistent by self-seeding when once es- 
tablished. 


Panicum Crus-galli L. Barnyard grass. 


A very coarse annual introduced from Europe and 
widely distributed. Under plat culture is made a strong 
growth two feet high. While it is grown in the south 
to some extent as a hay grass we look upon it here as a 


weed. It is not uncommon on ditch banks and in waste 
places. 


Eragrostis Abyssinica Schrad. “Teff.” “Hay Grass.” 


This grass was introduced from Abyssinia by the 
U. S. Department of Agriculture several years ago and 
distributed for trial. Reports of its behavior have been 
favorable. It has been grown on the station plats for 
two seasons, and we rank it as one of the best introduced 
grasses. It grows about 2} feet high and produces an 
abundance of very long leaves. It is an annual and must 
be sown each year, but its erect habit and the large 
amount of forage produced recommend it as worthy of 
more extended trial on larger areas. i 
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Andropogon nutans L. Bushy Blue Stem. Wood Grass. 

A native perennial not uncommon in the natural 
meadows of the lower mountains, and along the streams 
on the plains. It is nutritious and acceptable to stock 
if cut before the stems ripen and become hard. We have 
sown the grass twice in previous seasons, but in both 
cases the seed failed to germinate. This season an even 
stand was secured. The growth was slow, and mainly 
confined to the production of radical leaves no flowering 
stems were formed. Late in the season the tendency to 
tiller was marked, and as the root systems are ample 
the plants seem prepared to make a strong growth next 
season. From observations on the wild plants I con- 
clude that the species would not be a profitable one to 
sow alone, but at an ingredient of a mixture for moist 
meadows I think it has value. 


Bromus unioloides (Willd.) HBK. Schrader’s Brome 

Grass. 

This grass has been grown on the station plats for 
four seasons. It is an annual of rather coarse habit 
yielding a fair amount of forage. It starts late in the 
spring and at first grows slowly, later the growth is 
more rapid, reaching a height of two feet, and blooming 
the first week in July. 


Bromus inermis Leyss. Hungarian Brome Grass. Awn- 
less Brome Grass. 

Of all the introduced grasses grown on the station 
plats during the last five years this is the most promis- 
ing. It is a strong growing perennial, but is finer, and 
has less of the rank weedy character than any other 
species of the genus that we have tried. It is among the 
first to start in the spring, and is the last to lose its green 
color in the fall. Extreme winter temperatures have no 
injurious effect, and it stands drouth remarkably well. 

The flowering culms have an average height of 24 
feet, and the mass of leaves is about two feet high. The 
two features that most highly commend the grass are, 
its strong tillering power, and the abundance of the very 
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long leaves. While yielding a fair amount of hay, the 
qualities mentioned recommend it most strongly as a 
grass for permanent pastures. It is very persistent be- 
cause of the abundant production of long underground 
stems, and this might make it objectionable when sown 
upon land used for rotation. The grass has been tried 
in many places and is generally regarded with favor. 

Two species of Perennial Rye Grass—Lolium per- 
enne L. and Lolium Italicum A. Br., both introduced 
from Europe, have been grown for several years. Both 
develop good qualities as pasture grasses. 

In England they are valued as hay grasses, but their 
habit here does not indicate a sufficient crop to be prof- 
itable. They cover the ground with a thick mat of leaves, 
and recover quickly after mowing or grazing. Both start 
early and remain green until late, and we believe they 
could be used to advantage in pasture mixtures. 

The genus Poa has been represented on the plats 
by several species, all natives of Colorado, and their 
behavior deserves mention. They are all fine, slender 
stemmed grasses, not so well adapted for hay as for 
pasture. The species making the strongest growth is the 
well known June Grass, or Kentucky Blue Grass—Poa 
pratensis—which covers the plat thickly with a leafy 
growth. It spreads by underground stems and is thus 
able to maintain itself even under adverse conditions. 
Its value as a pasture grass is recognized everywhere, 
and as a lawn grass it has no superior. 


Poa serotina Ehrh. Fowl Meadow-Grass. 


This is found along streams, and in moist native 
meadows. It is distinctively a moist land grass, and un- 
der plat culture quickly shows the effect of drouth. It- 
produces no underground stems and unless in soil con- 
tinually moist will soon be superseded by other grasses. 


Poa tenuifolia Nutt. 


Very common in the foothills and lower mountains. 
It does not form a sod, but grows in bunches, constitut- 
ing a considerable portion of the forage on mountain 
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ranges. The leaves are usually short, and the stems 
slender and it seems to offer nothing of value under cul- 
tivation. : 


Poa nemoralis L. Wood Meadow-grass. 

This species inhabits moist, and particularly shady 
spots along streams. It is very delicate in appearance, 
and on our plat grew to a height of from 12 to 15 inches, 
but does not produce forage enough. 


The other species of Poa grown on the station plats 
were, Poa arida Vasey, Poa alpina L., Poa levis Vasey, 
Poa reflexa V. & S., and Poa cuspidata Nutt; all of which 
are too small and delicate to be regarded as valuable for 
cultivation. 

Of other native grasses grown I will here mention 
but one: the Rough Fescue, also called “Montana Bunch 
Grass,” Festuca scabrella Torr. This isa mountain grass 
common at altitudes of from 8,000 to 10,000 feet. 

It forms large bunches, often a foot in diameter, 
which commonly die at the center. Few stems are pro- 
duced, but the long radical leaves are abundant, and 
are.much relished by both horses and cattle. Under plat 
culture it grew vigorously, fully maintaining the char- 
acters developed in its native home. It does not stand 
drouth well, but in favorable locations would be a valu- 
able addition to the pasture grasses. The main difficulty 
would be in obtaining seed sufficient for a start, as the 
plants produce it very sparingly. 


Herbarium. 

Very little time has been available for prosecuting 
the work of collecting. The most extended trip of the 
season was one of ten days’ duration to the foot of the 
main range directly west of Fort Collins. About 3,000 
specimens were secured on this trip. 

Later in the season I spent one day at Golden, one 
in the suburbs of Denver, one at Palmer Lake, and three 
at Cimmarron and on Marshall Pass. This last trip was 
a disappointment owing to the extreme drouth prevail- 
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ing on the western slope. I intend distributing, during 
the winter, a list of our duplicates, and invite exchanges; 
hoping in this manner to increase our collection. 

I have received for determination during the season 
113 species; these have come from all parts of the State, 
many of them were weeds, and grasses about which the 
senders desired information. Often the specimens sent 
are fragmentary, and these in some cases require hours 
of time for satisfactory determination. 

The letters of inquiry received are numerous. They 
embrace a wide range of subjects both horticultural and 
botanical. Attention to this correspondence occupies no 
inconsiderable portion of my time. 


Respectfully submitted, 
CHAS. 8S. CRANDALL, 
Botanist and Horticulturist. 


Fort Collins, Colcrado, 
November 30, 1896. 
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REPORT 


OF THE 


CHEMICAL SECTION. 


To the Haecutive Committee of The State Board of Agri- 
culture: 


Gentlemen—The force employed on station work is 
practically one man. The class work leaves no avail- 
able time during the school year for the professor’ to 
devote to station work. The only way that I can devote 
myself to station work during the year is to place my 
assistant in charge of the classes. 

During the year we have completed the work of our 
bulletin on Alfalfa, which is now in press. The material 
for another bulletin, on Alfalfa Hay, is nearly ready and 
we hope to have this prepared for publication within a’ 
few months. ; 

We have undertaken a study of the artesian and river 
waters of the San Luis Valley. This work is in con- 
nection with the survey of the Valley being made by 
Professor Carpenter, of the Department of Engineering. 
This is merely a beginning of the work which I have sug- 
gested in two of my annual reports as desirable. I am 
of the opinion now, as I have been, that a study of the 
chemistry of irrigation would be acceptable and valu- 
able. The work involved in such a study is large in 
amount, somewhat expensive in its nature, and requires 
attention. 

We have found it impracticable to begin our study 
of the alkalization of the soil as planned. This work, 
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however, is simply put off because of the other work and 
has not been abandoned. 

I was sent to Fruita, in June of this year, to ex- 
amine into the alkalization of the soil which is taking 
place rapidly in the surrounding country. In this case 
the alkalization was, I believe, largely due to abundant 
irrigation, continued for several years, together with in- 
adequate drainage. This case was worthy of study in 
detail. If systematic observations could have been made 
during the past few years, four or five, and complete 
records kept of them the information which they would 
have afforded would be of great interest to those engaged 
in the study of the soil. The people there have made some 
observations but they are mostly confined to the effects 
produced without due attention to their causes, their rate, 
or manner of action. 

The Professor of Agriculture, W. W. Cooke, and my- 
self were delegated to attend the Fair held at Glenwood 
Springs to select samples of sugar beets exhibited by con- 
testants in accordance with the terms previously made 
known by the Association. I subsequently determined 
the sugar in these samples and furnished the proper per- 
sons a statement of the results. The object had in view 
was to learn, in this way, the probabilities of their be- 
ing able successfully to cultivate the sugar beet in their 
soil, and under their climatic conditions, for the produc- 
tion of sugar. We were deterred from visiting the places 
where the beets had been grown by a severe storm which 
washed out the roads and bridges and otherwise seri- 
ously interfered with our work. 

The beets which had not been washed, showed that 
they had been grown in widely differing soils. Some had 
been grown in rich, black, valley soils such as are fre- 
quently met with in our mountain valleys; others in 
clayey soils, etc. As it was a competition between the 
ranchmen of these three counties, Garfield, Eagle, and 
Pitkin, some had brought large beets, others small ones; 
and, while each one had taken his sample with the best 
intention, the lack of uniformity in selecting the samples 
and the probability that they were not average samples 
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detract greatly from the results obtained. Another point 
seemed to be indicated by the growth of the beets, i. e., 
that the soil had either been very rich or had been heavily 
manured before being sown to beets. The results of our 
sugar determinations showed that the percentage of sugar 
in the beets varied from nine to nearly fifteen per cent. 
The coéfficient of purity varied greatly, relatively more 
than the sugar content. The highest coéfficient of purity 
obtained was 86. The beets showing this coéfficient con- 
tained the highest percentage of sugar and were, as a lot, 
the smallest beets exhibited. We examined fifteen sam- 
ples, representing two varieties. 

When we consider that the competitors in this test 
had had no previous experience in growing this crop for 
sugar, the danger of their having chosen an unfavorable 
soil for their experiment, the probabilities of improper 
cultivation, and the difficulty in selecting a representative 
sample, we consider the results as very encouraging. 

The Station has, as usual, received some applications 
for gratuitous work. I try, in such cases, to comply with 
the requests, especially if the results are of real value 
and the work is really for the public. As before stated, 
we have more work on hand than we can get done, and 
work of this character interferes with us much more than 
the importance of the work can justify. 

Respectfully submitted, 
WM. P. HEADDEN, 
Chemist. 
Fort Collins, Colorado, 
December 3, 1896. 


REPORT 


OF THE 


ENTOMOLOGICAL SECTION. 


To the Executive Committee of The State Board of Agrt- 
culture: 


Gentlemen—I have the honor to submit the follow- 
ing report from the Entomological Section of the Ex- 
periment Station for the year 1896. 

The year has not been marked by any extraordinary 
outbreaks of injurious insects, but heavy losses have 
been sustained from the attacks of some of our common 
and ever-present pests. The west is noted for its hordes 
of grasshoppers, and I have no doubt that they occasion 
greater loss to the agricultural population of the State 
each year than any other insect enemy, not excepting the 
Codling Moth; but the cultivators of the soil have become 
so accustomed to giving the tithe of all they raise to 
these marauders that they think little of it and in most 
cases make no effort to destroy them. It was gratifying 
to learn that in those localities where the grasshopper 
disease was most prevalent last year there were com- 
paratively few grasshoppers the past summer. Grass- 
hoppers dying of the disease have been seen in numerous 
localities of the State the past summer and fall but there 
has not been the amount of rainfall and cloudy weather 
necessary to cause the rapid spread of the contagion. 

The Leaf-rollers that have been so destructive to 
the foliage of fruit and box-elder trees in the northern 
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portion of the State for a number of years past were de- 
cidedly less destructive the past summer than in 1895, 
and they were less destructive in 1895 than in the year 
preceding. This decrease of injuries from these pests 
seems to be the direct result of a more extensive use of 
the arsenical poisons as there are very few parasites 
preying upon them. I should say, however, in justice to 
the birds, that they are becoming a very valuable aid 
in this work, and especially have I noticed flocks of 
blackbirds alighting in the trees and feeding upon the 
worms which they pick from the leaf-rolls. 

The Flat-headed Borer in apple trees and one of the 
Cossid Borers in cottonwood trees seem to be increasing 
in numbers, the former more particularly in the orchards 
west of the range, and the latter in towns on the eastern 
slope. 

The San Jose Scale (Aspidiotus perniciosus) does not 
occur in the State so far as I am able to determine and 
those who are purchasing fruit trees from nurseries out- 
side of Colorado should take special precautions to avoid 
importing this, or other pests, on nursery stock. 

The Codling Moth (Carpocapsa pomonella) has, at 
last, worked its way into every part of the State where 
apples are grown. It is a comparatively rare insect as 
yet in Delta county, especially in the North Fork dis- 
tricts. The use of arsenical sprays and the practice of 
bandaging the trees to catch the larvze should be persist- 
ently kept up wherever apples are grown. 

The Brown or Clover Mite (Bryobia pratensis) con- 
tinues to be a serious pest on pear or apple trees in the 
mountain districts. Ixperiments that I carried on for 
the destruction of this insect the past season have shown 
that the eggs, which are laid in enormous numbers about 
the crotches of the branches and to a less extent all 
along the branches and twigs, can be easily destroyed 
during the winter, when the leaves are off, by applying 
kerosene emulsion in about twice the ordinary strength. 
The same application will also kill the mites after they 
hatch, but it is much more economical and easy to kill 
the eggs before the leaves are out in the spring. 
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Two serious insect pests, brought to the State from 
the east, have been reported to the station for the first 
time the past summer. One of these, the Apple Maggot 
(Rhagoletis pomonella) was taken by myself at Colorado 
Springs in August. This pest has been introduced with- 
out doubt, in infected apples from the east. Superintend- 
ent Blinn, of the Arkansas Valley Station, sent me the 
past summer a number of specimens of the Striped Cu- 
cumber Beetle (Diabrotica vittata) which he said was be- 
coming quite abundant on melon vines. I also saw a 
few specimens of the beetle at Canon City last August. 


ORCHARD INSPECTION. 


On the 16th of last August I started on a brief tour 
of orchard inspection, going first to Grand Junction and 
making short stops at Delta, Hotchkiss, Paonia, and 
Canon City on the return trip. At Grand Junction, I was 
greatly assisted by B. C. Oyler, County Fruit Inspector, 
who kindly took me to some of the older orchards in that 
vicinity. I found a very large portion of the apples 
wormy. The crop being very light this year, the owners 
of the orchards thought it hardly worth their while to 
spray the trees and the worms, that would ordinarily be 
distributed through a large crop of fruit, were concen- 
trated on the few apples that grew. It is a great mis- 
take not to spray the light crops. By thoroughly treat- 
ing these the heavy crops that follow would be almost 
free from infection. : 

Red Spider (Tetranichus sp.) was found quite abund- 
ant on plum, apple, willow, and currant. In some cases 
the currant bushes had dropped nearly all their leaves 
and, apparently, as the result of the attack of the 
spiders. 

The Brown or Clover Mite (Bryobia pratensis) was 
abundant enough to be decidedly injurious to certain 
pear, cherry, plum, and apple trees as was evidenced by 
the bleaching of the foliage. 

Pear Leaf-blister, also the work of a small mite 
(Prytoptus pyri) was noticed on a few trees, but not abund- 
ant enough to do serious harm. 


10 
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Cottonwoods about town were bored to a moderate 
extent by some insect, but they were not suffering nearly 
so much as they are in several places on the east of the 
range. Peach and plum foliage gave evidence of having 
been infested earlier in the summer by plant lice, but 
were nearly free of these pests at the time of my visit. 
Peach and apricot trees and grape vines were particularly 
free from insect injuries. 

At Delta, the fruit crop was also light and conse- 
quently the injuries of the Codling Moth were showing. 
more than in any previous year; but wormy apples were 
comparatively scarce, as this insect has not yet become 
abundant in the orchards of Delta county. 

In the vicinity of Delta the conditions of the Red 
Spider, Clover Mite, and Pear Leaf-blister were almost 
identical with those at Grand Junction. While visiting 
the farm of Mr. W. H. Hastings, it was noticed that the 
foliage of the garden beans was all turning white and 
many of the plants dying; an examination showed the 
injury to be due to the attack of Red Spider. Peas and 
Prickly Lettuce were also in a similar condition only 
worse. The injury to these plants was due to the pres- 
ence of enormous numbers of a little black and white 
Thrip (Coleothrips 3-fasciata?) which was in all stages of 
development upon the leaves. 

The Cabbage Worm (Pieris rape) and the Cabbage 
Louse (Aphis brassicew) were also found common upon cab- 
bages. 

Box-elder trees inthe vicinity of Delta were infested 
by a very small leaf-roller which skeletonized the leaves, 
folded them, and then spun small white silken cocoons 
in the leaf-folds. 

At Hotchkiss and Paonia, I was greatly assisted in 
my work by Mr. J. B. McGinty, Fruit Inspector for Delta 
county, who spent two days with me, taking me into 
many orchards in the vicinity. Delta county is fortunate 
in having so enthusiastic and well-informed a person 
as Mr. McGinty as inspector. This North Fork country 
may, indeed, be called a fruit-grower’s paradise, as far 
as any trouble from insect pests is concerned. I was 
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in two orchards where wormy apples were found in 
small numbers. I was told that this year was the first 
that a wormy apple had been found in that part of 
the country. Red Spiders and the Clover Mite were 
found in small numbers only. The Rose Leaf-hopper 
(Typhlocyba rose) was rather abundant on apple trees in 
one or two orchards, but it could hardly be said that 
it was in injurious numbers. A single specimen of the 
Buffalo Tree-hopper (Ceresa bubalus) was taken near 
Paonia from an apple tree and was the only specimen 
seen. 

At Canon City, Howard’s Scale (Aspidiotus howardi) 
was found very abundant, and doing considerable injury 
in the little plum orchard where it was first found, but 
it seems not to be spreading badly to other orchards, 
Wormy apples here were extremely abundant. I scarcely 
ever saw more apples falling as the result of the attack 
of the Codling Moth. I believe the reason for the large 
number of wormy apples to be the neglect to attend prop- 
erly to spraying, which a number of the orchardists think 
does not pay. Red Spiders and Clover Mites, though com- 
mon in the orchards about Canon City, seem not to have 
done serious harm the past season. 

Acknowledgments are due to the officers of the Den- 
ver and Rio Grande, and the Denver and Gulf railroads 
for their kindness in furnishing free transportation for 
the above trip which, otherwise, could not have been 
made, 

All of which is very respectfully submitted, 

C. P. GILLETTE, 
Entomologist. 
Fort Collins, Colorado, 
December 7, 1896. 


REPORT 


CF THE 


SECTION OF METEOROLOGY AND 
IRRIGATION ENGINEERING. 


To the Executive Committee of The State Board of Agricul- 
ture: 


Gentlemen—The work of this Section of the Experi- 
ment Station has been conducted on the lines of investi- 
gation approved by you. In Meteorology the investiga- 
tions bearing upon Agriculture and of value in throwing 
light upon the questions of irrigation have been the spec- 
ial objects of record. This in itself is a work which re- 
quires conscientious care in the observer, and unremit- 
ting attention from first to last in the careful record of 
the observations. The accumulation of these exact data 
is of primary importance in the study of the climate of 
the Station, and ascertaining the conditions which affect 
the practice of the agriculturist and the growth of crops. 
Only with a number of years’ observation can safe de- 
ductions be drawn. The labor of reduction of the large 
number of observations is great, but as it is establishing 
a fund of exact facts which become increasingly valuable 
each year it is worth its cost. While definite conclusions 
can be drawn only from a series of years’ records, the 
publications in the annual reports from year to year 
will give the public access to the data and make them 
useful to many. From the use made of the figures given 
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in the reports up to and including 1891, it would seem 
that they have been useful to many. The data are now 
extensive enough to warrant the reduction of some lines 
for the study of special questions. 

Observations have been continued on the rise and 
fall of ground water, and an attempt to trace its con- 
nection with the change in water in neighboring canals; 
amount of loss by seepage, complementary to the investi- 
gations reported in Bulletin No. 33; the amount of water 
used on various crops; the changes in the flow of streams 
and the relation to the condition of the upper water shed; 
the amount of evaporation from water surface on lakes 
and confined areas, and simultaneous record of the wind 
for study in connection with it. These involve regular 
and exact observations which havy been made principally 
by Mr. R. E. Trimble, whose care in every detail renders 
his work worthy of every recognition. Several self-re- 
cording instruments have been in use as hitherto. The 
driving in connection with the collection of these data 
and more especially in making the weekly rounds of 
the instruments, has amounted to over 1,600 miles. This 
has been done almost entirely by Mr. Trimble. An evap- 
oration tank was placed in Lee’s Lake during the sum- 
mer, which, being on the road to other instruments, could 
be visited with little extra time. This was visited twice 
per week. On the same raft which served to protect 
the tank from the waves was arranged a rain gage. The 
information obtained from this series of observations 
promises to be more complete than that of past years 
where the curiosity of the small boy caused the loss of 
much of the value of the measurements. In this lake 
used the past summer, there is but one boat, and that 


a private one, so that the instrument has been under 
better control. 


A nilometer was placed so as to record the rise and 
fall of ground water in a well near the sub-station near 
Monte Vista. The records in connection with the data 
of the flow of the neighboring ditches indicate an early 
response of the level of the ground water to the change 
of water in the ditches. The water rises and falls at’ 
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that place a number of feet during the year, and has risen 
some 12 or 13 feet since irrigation was commenced there 
some years ago. The record will be compared with other 
data from the Valley collected during the summer season. 

There are now sufficient observations to warrant the 
labor for their reduction. This is if anything more la- 
borious than the collection and recording of the observa- 
tions themselves, in themselves no inconsiderable task. 

. The only time when this can well be undertaken is during 

the college scholastic year, as with this Section, the 
‘summer season is the time when we can best carry for- 
ward the special investigations. But during the school 
year, with three to six hours with students in lectures 
and exercises, there is little time or freshness for fruitful 
original work. In consequence the data are ahead of the 
reductions and we have a number of subjects which war- 
rant preparation into bulletin form. I hope to be able 
to arrange the afternoon so as to secure some portion of 
the day for developing our results. 

In the summer a special investigation was begun 
in the San Luis Valley. This Valley on the Rio Grande 
in Colorado is the largest of the Rocky Mountain Parks, 
approximately 100 miles in length and 40 miles in width, 
with an area of 3,000 square-miles. It has many special 
questions arising from its peculiar conditions. Having 
been the bed of a lake, the surface is nearly level, 
slightly basin shaped, with alternate layers of sand and 
gravel extending to depths of over 1,000 feet in the axis. 
The artesian wells have been to some extent discussed in 
Bulletin No. 16. This investigation was planned to in- 
clude the questions relating to irrigation and water sup- 
ply, and especially studying the conditions of sub-irri- 
gation of the Valley whereby the practice is to run water 
in the ditches without applying it to the surface of the 
land. The questions of the Vailey have also raised in- 
ternational questions with Mexico, the latter country 
claiming that the irrigation in Colorado has interfered 
with the rights of her citizens. I visited the Valley in 
April, making arrangements with some observers for 
some observations and records, and obtaining the prom- 
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ise from some of the ditches of records of their dis- 
charges. At the close of the college year, I proceeded to 
the Valley. Mr. Stannard accompanied me, and made 
the measurements of the streams draining into the Val- 
ley, driving in that measurement about 1,000 miles. The 
key to many of the questions pertaining to the Valley 
was evidently at the lower end. On my first visit I 
found what I had suspected, though the maps were all 
wrong, that there was a short cut from the Conejos or | 
the Pinos streams into the Rio Grande. In August, Dr. 
Headden and myself crossed from Antonito to Costilla, 
determining the important point that the water which 
escapes from the Valley must pass through the deep 
canon of the Rio Grande, whence the measurement of 
the stream in the canon includes that which is flowing 
from the Valley. 

A nilometer was placed north of Monte Vista to de- 
termine the rise and fall of the ground water. There is 
an extreme change at that place in the height of the 
water, and the level responds quickly to the water in 
the neighboring canals. Mr. Duncan at the sub-station, 
attended to the instrument. 

In measuring the seepage of the Rio Grande, aid 
was given by the superintendent of that Division, Mr. F. 
J. Anderson, the Water Commissioner, without whose 
aid it would have been difficult to find the heads of the 
ditches which were to be measured. 

The investigation indicates greater results than I 
anticipated in recommending it for a subject of investi- 
gation. The Valley being one of magnificent distances, 
the traveling required exceeded my anticipations. Mr. 
Stannard, as already mentioned, drove over 1,000 miles, 
and I drove perhaps 700 in the aggregate. Another sum- 
mer will be required to work forward to the best results. 

Data were obtained from the railroad company and 
the extensive surveys of the canal companies; by con- 
necting the two lines we were in possession of the levels 
of a large part of the Valley. 

The seepage measurements of the Poudre were taken 
this fall by Mr. Trimble, aided by Mr. Hawley. The 
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measurement of the Platte from the mouth of the Poudre 
to beyond Sterling, not far from the state line, was also 
made. <A storm prevented their going to the state line. 
Mr. Preston of the State Engineer’s office, a graduate 
from the College in 1892, and Messrs. Hawley and H. A. 
Calkins, also College graduates, aided. The results show 
less inflow than last year, the year having been a dry one, 
less rain having been received and less water applied to 
the land. 

I wish to acknowledge the aid furnished us by 
numerous persons where we have had occasion to obtain 
data. Many of them have put themselves to much 
trouble, have voluntarily accompanied us in some cases 
for a number of days, and have aided the work in every 
way in their power, and to the material saving of ex- 
pense. Were the labor represented in the investigations 
all to be paid for, the expense would be beyond the sum 
that has ever been available. 

To Frank Trumbull, Esq., of the U. Pac., Denver & 
Gulf, and Col. S. K. Hooper, of the Denver & Rio Grande 
we are indebted for the aid or their respective roads. 

To P. J. Preston, H. A. Calkins, and R. W. Hawley 
we are indebted for volunteer service without compensa- 
tion; the latter two aiding us by two weeks of time ac- 
companied with considerable discomfort in camping in 
freezing weather. The officers of the Farmers’ Ditch Com- 
pany, in the San Luis Valley, Supt. F. T. Anderson, J. C. 
Ulrich, Mr. Warburton, of Monte Vista, and many others 
rendered aid. 

Messrs. Lamb, Barnes, Boothroyd, and Mrs. Sher- 
wood have furnished us observations regularly from their 
special localities; as well as have the superintendents of 
the various sub-stations. Mr. Horace McClelland has 
taken continuous interest in the record begun on his 
place some years ago of the amount of water applied to 


Crops. 
Thanking the Committee for their support, this re- 
port is Respectfully submitted, 


L. G. CARPENTER. 
Fort Collins, Colorado, 
December 9, 1896. 


REPORT 


OF THE 


SAN LUIS VALLEY EXPERIMENT 
STATION. 


To the Executive Committee of The State Board of Agricul- 
ture: 


Gentlemen—I submit herewith the Ninth Annual 
Report of this Station. On account of no appropriation 
being made for 1896, only a limited number of experi- 
ments have been conducted. The schedule as adopted 
by the Station Council has been followed as closely as 
possible. 

The general conditions of the past season have not 
been favorable for good results. During the spring and 
early summer the indications were all favorable for a 
good yield of grain and other produce, but during the 
latter part of the season the water supply was shut off 
and much damage resulted from drouth. 


PXVPERIMENTS WITH WHEAT ON SPRING PLOWING. 


Two plats of wheat were sown, April 4, to determine 
whether the stubble in the soil had any effect on the 
growing crop. Wheat sown on spring plowing is gen- 
erally a failure in the Valley. Most farmers are of the 
opinion that the cause is due to the stubble in the soil, 
keeping it in a lose condition so that it is easily dried 
out and that on that account grain sowed on spring 
plowed land suffered for moisture. This theory ought 
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e 
not to hold good in the case of sub-irrigated land as an 
abundance of moisture is always furnished to growing 
plants as long as the ground remains sub-irrigated. 


Plat No. 1 was sown on ground which had _ been 
plowed deep, the stubble remaining in the soil. After 
sowing the ground was thoroughly packed by rolling. 
The yield was fifteen bushels per acre. 

Plat No. 2 was sown after the stubble had been 
burned and the ground plowed shallow. The yield on 
this plat was the same as on No. 1. During the growing 
season little or no difference was noticed in the condi- 
tion of the grain. Both these plats sub-irrigated and 
compared favorably in results with summer fallowing 
or fall plowing. In other sections of the State, wheat 
on spring plowed land generally yielded from three to 
five bushels less per acre than on’either summer fallow- 
ing or fall plowing. Wheat sowed on summer fallowing 
on the station farm yielded 18 bushels per acre. 

The difficulty with spring plowing in the Valley 
seems to be that the stubble interferes with drilling and 
the seed is not put in the soil deep enough to prevent 
its being blown out during the spring when high winds 
prevail. On summer fallowing or fall plowing, the stub- 
ble has decayed and does not interfere with deep sowing. 
Neither of the above plats were injured by the wind in 
the spring, hence the comparatively fair yield. 

A plat of oats was sown, April 25, on ground which 
had been irrigated and then plowed. The yield was ten 
bushels per acre. The low yield can be attributed more 
to the lack of moisture during the latter part of the sea- 
son than to any other cause. 


No results were obtained in the experiments with 
early potatoes owing to lack of water at the proper 
time for irrigation. The grass plats sown last spring 
were also destroyed by drouth. The plats sown last year 
were all winter-killed with the exception of Bromus in- 
ermis and timothy. Both these plats came through the 
ae in good condition and were not destroved by the 

routh. 


COLORADO EXPERIMENT STATION. 157 


Young alfalfa was also badly winter-killed. Little 
difference could be determined in the plats which were 
sown April 1, May 1, May 15, and June 1 of last year. 


Respectfully submitted, 


CHAS? AW DUNCAN, 


Superintendent. 
Monte Vista, Colorado, 


November 7, 1896. 


REPORT 


OF THE 


ARKANSAS VALLEY EXPERIMENT 
STATION. 


To the Executive Committee of The State Board of Agricul- 
ture: 

Gentlemen—I take pleasure in submitting to you the 
Ninth Annual Report of the Arkansas Valley Experiment 
Station. 

Owing to the change made by the Board in leasing 
a portion of the station property, and confining the ex- 
periments to eighty acres, a large amount of work was 
made necessary in platting and leveling and in changing 
and constructing drives, ditches, and fences. The sched- 
ule of experimental work has been closely adhered to 
in every instance where practicable. While the extra 
work prevented the carrying out of a part of the plans, 
the efforts of the season have placed the Station in bet- 
ter condition. The work can now be concentrated, close 
notes can be kept, and more accurate results, at tess ex- 
pense, can be secured. 


IMPROVEMENTS. 


The irrigation system for the land leased and that 

for the station were made separate. The headgate for 
the eighty acres was moved, thereby drawing the water 
from the Rocky Ford ditch where it first enters the first 
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forty acres; thence it is distributed by laterals over that 
area and conducted to the east forty acres by a newly 
constructed siphon under the public road which separates 
the two tracts. The water for the leased land was drawn 
from one headgate located at the upper corner of the 
rented field. This avoided dividing water between the 
station and leased land. 

Twelve acres of alfalfa land were broken for experi- 
ment plats. The remaining portion of old grain land on 
the east forty acres was seeded to clover and grasses for 
field tests and rotation. About a tenth of the area was 
designed for a permanent pasture. The plats were all 
planned with convenient ditches and drives and the cross 
fences were transferred so that the eighty acres used for 
the Station would be enclosed to itself. 

Decided improvements were made in the west field 
by changing and grading some of the ditches and drives. 
Bridges and culverts were placed where the laterals 
crossed the drives; a 14-foot bridge was built over the 
Rocky Ford ditch; four large dividing gates for distrib- 
uting water:in the laterals were made from lumber ob- 
tained in moving and remodeling the old hot house; the 
old orchard was pruned and a large amount of grading 
and leveling was done therein and on portions of the 
fields that were difficult to irrigate; about six acres of 
orchard and small fruit, for a variety test, were added; 
the lawn around the station cottage was improved; and 
trees and ornamental shrubs were set out on the grounds. 
The building of a shelter for the thermometers and the 
addition of a standard rain gauge improved the equip- 
ment for the weather service. Pig pens were built and 
some minor improvements made. 


CLIMATIC CONDITIONS. 


The season has been an exceptionally dry one. The 
water supply in the river was extremely short, at times 
hardly sufficient for domestic use. The spring was dry 
and there were many hard winds that dried out the 
ground as often as it was irrigated, making it difficult 
to keep it wet enough for new grass plats to start. The 


COLORADO EXPERIMENT STATION. 161 


highest temperature was reached in June, 101 degrees F. 
The average daily maximums of June, July, and August 
were 87 degrees, 90 degrees, and 90 degrees respectively. 
The rainfall was 8.36 inches as follows: March, .23 in., 
April, .55 in., May, 1.12 in., June, .47 in., July, 2.07 in., 
August, 47 in., September, 1.85 in., and October, 1.60 
in. A late frost and high winds in the spring nearly 
destroyed the apple crop in this vicinity. The first light 
frost occurred September 28; the first killing frost, Oc 
tober 12. Where water could be had, the season was 
favorable to the growth of all crops. Alfalfa seed yielded 
heavily, corn did well, and melons and cantaloupes were 
produced abundantly. 


INSECTS. 


All the unfamiliar species of injurious insects dis- 
covered working on crops were sent to the Department 
of Entomology of the College for determination. The 
insects injurious to crops are the Codling moth; red 
spider, on raspberries; tomato worm; grasshoppers; cu- 
cumber beetles, on cantaloupes; and cabbage worms and 
lice on the cabbage plants. Grape-leaf hopper and the 
larvee of the eight-spotted alypia were bad on some vine- 
yards. Potato beetles and the potato stem borers did 
serious work on some of the patches in this vicinity. 
There were many other insects. With the aid of the 
sprayer and insecticides the Station suffered little loss 
from insects. 


AGRICULTURAL DIVISION. 
Cereals: 


Three adjacent plats were prepared for a compara- 
tive test of the cost of producing barley, corn, and wheat. 
The previous year the land had grown a crop of corn 
and wheat of which each plat contained about an equal 
area and received the same relative attention. The esti- 
mate in these accounts is based on the material used and 
the labor involved in producing each crop, reckoned at 
the market value and the regular price of labor—one 
man, $1.50 per day; a man and team, $2.25 per day. To 
avoid an uninteresting tabulation of items an epitome of 
the notes will be given. 

11 
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Wheat—Four and one-third acres were sown to 
Amethyst wheat, April 2, with a press drill, at the rate 
of seventy pounds per acre. The wheat came up well, 
and made a splendid growth. The ground received four 
irrigations, and the grain was harvested July 9, with 
a yield of 334 bushels per acre. The expense of the crop 
was $29.22, or 214 cents per bushel. 

Barley—The plat for the barley contained 53 acres. 
It was sown in the same manner and it received the 
same cultivation and care as did the wheat. The growth 
was short, which made it difficult to bind. When 
threshed, it gave a yield of 40 bushels per acre. The 
expense was $38.05, or 17 cents per bushel. 

Corn—The plat of corn grew under less favorable 
conditions than the wheat and barley. It was planted 
May 15, but, owing to the uneven condition of the ground, 
it made a very irregular stand. It received one cultiva- 
tion and two irrigations. The yield was 25 bushels per 
acre. The expense, for the 44 acres was $22.25, or 21 
cents per bushel. 

The following test of corn on alfalfa sod will make 
a more correct comparison with the wheat and barley. 

Corn on alfalfa sod—A four-acre plat was planted, 
May 12, to corn. The alfalfa had been plowed and cross 
plowed in the spring. The stand of corn was excellent. 
It had two cultivations and as many irrigations. When 
gathered, the yield amounted to 39 bushels per acre. The 
expense on the plat was $30.50, or 194 cents per bushel. 

The yield on this plat was estimated by gathering a 
portion of the corn. 

Test of varieties of corn—Four kinds were received 
from different seed houses; Hickory King, Golden Tri- 
umph, Waterloo, Early Dent, and Golden Beauty. Golden 
beauty is the only one deserving mention. It is of a 
very beautiful yellow variety. In small plat test, it in- 
dicated a yield at the rate of 77 bushels per acre. The 
other varieties were badly mixed and are not so good as 
may common varieties in use. 

Test of varieties, wheat and other grains—Three small 
plats were sown to India No. 3 and Royal wheat, and 
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smooth, Hulless barley. They did well for exhibition 
purposes. The main experiment on the test of varieties 
began October 1. Thirty varieties were sown, all of 
which have made a good start. The results will be re- 
ported in the next annual report. 


GRASS AND HAY CROPS. 


Red Clover—Two attempts were made to start a 24 
acre plat. The first was sown May 12, but dry, hot 
winds caused a failure. On July 1, the piece was re- 
seeded with 14 pounds of seed per acre. It received four 
irrigations up to October 1. The plat gives evidence of 
a good permanent stand. 

Crimson Clover—This plat was left until the first 
of July, when it was irrigated and the weeds plowed un- 
der. The ground was leveled and, July 15, 22 acres were 
sown to crimson clover, with a press drill, at the rate of 
14 pounds per acre. It received the same care as the 
red clover; yet the stand, over a part of the plat, is very 
poor. The portion that has a fair stand, gives promise 
of an interesting test the coming year. As the conditions 
- were unfavorable, the test of crimson clover in the old 
orchard was omitted this year. 

Alfalfa—All the alfalfa hay land (forty-five acres) 
was handled by the renter. The hay was put up in good 
shape. The yield was four tons per acre, including three 
crops. 

New Sceding—Two acres adjacent to the crimson 
clover were sown at the same time, and received the same 
attention, and made a most excellent stand of alfalfa. 
The remainder of the old grain land, about four acres, 
was seeded to alfalfa. The stand is so poor that it will 
be necessary to reseed in the spring. The alfalfa seed 
was put in so late that no grain crops were sown with 
any of it. 

Pasture—The three-acre field of Bromus inermis has 
been used as a cow pasture. It had six irrigations. The 
plat of red clover was used as horse pasture. It required 
six irrigations to keep it growing. 

Seven acres of old grain land were prepared for an 
addition to the pasture land. It was sown to timothy 


164 NINTH ANNUAL REPORT 


and orchard grass, the last of July, but, owing to lack of 
water, it will require reseeding in the spring. The plat 
tests of pasture grasses gave no satisfactory results, oOw- 
ing to lack of water at the proper time. 

Irrigation—There was no difference in the number 
of irrigations applied to the new seeding of clover and 
alfalfa. Another year’s observations will offer better 
opportunity to decide that test. Owing to the varying 
character of the water supply in the ditch, the measure- 
ment of water applied to different crops was almost im- 
possible. A self-registering instrument is needed. 

The effects of irrigation applied at morning, noon, 
and night, were noted on a plat of garden peas. Only 
two applications were made, and rain intervened so that 
there was no perceptible difference in the three portions 
of the plat. 

GARDEN DIVISION. 


The test of garden vegetables was confined to a few 
untried varieties. The following test was chosen for ex- 
hibition purposes: hemp, broom corn, cotton, okra, ram’s- 
horn bean, yard-long bean, devil’s claw, chufas, serpent 
cucumber, and gourds. A few common vegetables, such 
as radishes, lettuce, cucumbers, peas, beans, and pars- 
nips were grown. 

Hot beds—F¥or starting early plants an ordinary hot 
bed heated by stable manure was prepared. The bed was 
forty feet long and divided into three sections, for test- 
ing different kinds of covering. Section one was pro- 
tected by window sash. Section two was covered with 
common muslin, each square-yard being treated with the 
following preparation: lime water, 2 oz. and linseed oil, 
4 0z., mixed with a gentle heat. When cool, add two 
well beaten eggs. Apply with a brush and when dry 
give a second coat. Section three was covered with the 
plain muslin. Sections two and three had also board 
coverings that hinged at the upper side. During the 
day the board covers were hooked up so as to act as 
wind-breaks and to reflect the heat of the sun. At night, 
and on cold days, they were lowered to protect the 
beds. The board covers worked well. The best results 


were obtained from the glass covered section. The pre- 
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pared muslin gave better results than the plain muslin, 
as it seemed to hold heat and moisture better. The main 
hot-bed growths were cabbage and tomato plants. Some 
others, as peppers, cauliflowers, celery, and egg plants, 
were started; but owing to the seed, or to the soil in the 
hot bed, they were not a success. 

Onions—Two varieties, the Gigantic Gibraltar and 
Red Weathersfield, were tried. The former proved much 
the better for this soil and climate. 

Cabbage—Burpee’s World Beater was a failure; Ex- 
tra Early Cabbage from Scotland, good, but small heads; 
Christmas Drumhead, nearly a failure; Lupton, good 
heads of excellent quality; Danish Ballhead, a good late 
cabbage for this section. 

Cauliflower was a failure on account of grasshoppers 
and worms. Soja beans grew rank but failed to mature 
seed. 

Sweet Corn—Sweet corn is invariably a failure on 
account of worms. Early Fordhook seemed a desirable 
corn, but was all destroyed by worms. The Evergreen 
was badly eaten. New-12-rowed-Early Sugar was a good 
early variety, but was injured badly by worms. Moore’s 
Early Concord, so far as known, is the only variety to be 
relied upon here, as it is not badly injured by worms. 

Tomatoes—Of ten varieties tested, Ignotum and 
Fordhook’s First were superior. Lemon Blush proved 
an excellent yellow tomato. 

Sweet Potatoes—These are grown in this section with 
decided success. A small plat was tried on the Station, 
but the plats were started too late fully to mature the 
crop. 

Peanuts—A small plat of Spanish peanuts was 
grown with success. They require the same cultivation 
as the common garden pea. Adjacent to the peanuts 
was a small plat planted to chufas or earth almonds. 
They gave an excellent yield, indicating a profitable crop 
for hog feed. 

Oelery—Celery was grown fairly well, but the con- 
ditions for success have not yet been ascertained. The 
plants were started in a cold-frame and set out near the 
bottom of a furrow. They were banked up as they grew. 
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Melons—Y'ive varieties of water melons were tested. 
Kleckley’s Sweet was the only one that promised to be 
any improvement over the old reliable Swink melon. 
The Kleckley’s Sweet is a plain, dark green, oblong melon, 
very solid, and of excellent quality. 

Muskmelons—Of five kinds tried, none equaled the 
little Netted Gem cantaloupe. The Early Hackensack 
and Banquet are desirable table melons, but are not solid 
enough for shipping. 

Cantaloupes on alfalfa sod—To test the cost of pro- 
duction of cantaloupes on alfalfa sod, a record was kept 
of the expense of labor for one acre. The ground was 
broken in March and cross plowed and leveled in April. 
May 1, the ground was furrowed into rows 6 feet apart. 
Water was run through the furrows, and, May 4, the 
seed was planted in hills 6 feet apart. A splendid stand 
of plants was secured. The plat was cultivated and 
hoed three times, and irrigated eight times. The yield 
was 350 marketable crates, (of 40 to 50 cantaloupes each). 
Expense on the plat was $17.50—a cost of five cents per 
crate. It was impossible to estimate the cost of market- 
ing these, as, a great part of the time, there was no 
market for small lots. The cantaloupes were fed to the 
hogs. The usual cost of marketing cantaloupes, includ- 
ing crates, is from 20 to 30 cents per crate. The average 
price received by those who shipped car-load lots, by 
freight, was about $0.50 net. 

Sugar beets—One-half acre of alfalfa sod was sown 
to sugar beets with the view of determining the cost of 
production. Owing to the lack of proper machinery, and 
experience in growing beets for profit, the estimate is 
undoubtedly higher than should be expected. The al- 
falfa ground was broken in March, cross plowed and 
leveled. ‘The seed was sown with a press grain drill, 
(by closing a part of the holes) at the rate of 16 pounds 
per acre. The rows were 20 inches apart. The moisture 
in the ground was not sufficient to sprout the seed and, 
June 18, the plat was flooded. A rather irregular stand 
of plants was the result. They were hand hoed and cul- 
tivated twice, received four irrigations, the last one Sep- 
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tember 1. Up to the time of this report, they were not 
dug, but the cost of raising was $14.50. On the average 
yield of sugar beets, at this Station in previous years, the 
cost, before digging, would not exceed $2 per ton. 

Potatoes—Four early varieties, planted on April 7, 
were complete failures. They made an excellent growth 
of vines, and received the best of care, but not a potato 
set on the vines. This failure was evidently due to some 
form of blight. 

Test of varieties—EKighteen varieties of potatoes were 
received from the San Luis Valley Experiment Station 
to test their yielding qualities, and to ascertain a reliable 
yielding potato in this section of the State. The first 
plat was planted June 1, on alfalfa sod. it received the 
best of attention. The area of each kind was small and 
irregular, and the stand poor in some cases. Instead of 
estimating the rate of yield per acre, the ratio of the 
seed planted to the amount of marketable potatoes har- 
vested, is given in the following table as an index to the 
relative merits of the varieties, as determined by this 
year’s test :--- 


Variety. Ratio. 
Sevan LEW ees ner pac CoA ODOON DDO SU COC Ee RIOGOCK TOCOADROADOOUSICOGEDE 2.6 
BYSDINICO SIN OU LOT olor cleloterere:<inlelstsiolcieterate ait vateisfefetetsofslayoferetsi=/slererleleteletstelstetera 3.0 
DICTA OI. tecieeloreisisis sere iSeisisis Salesstare ayers ora retalescesslcisloveseleletecleinpere mater 7.4 
WA Chem OT Le CULO srstatriety taieteitelspeleteleretnteioreletetatetots/orefacahetstataleicintcleteterate ioral 3.4 
IIOP IATA CY ielc ale ere e/a wie aiero:k <tete) o\ctatate, siete wiota(atorsso/areYarerayaiaioreleVeleisietcteyeterere 2.8 
SAL CIAVZS TONIC Soret aicictersloie \ctaleln)sielatnleisieiv\ne'elele Raterotiessislerersinvelaceneiavelere 5.9 
Marl vSOauiiy: OL ELD TOM starciaiaele ein atetslereiere s/oievevciarste eters /atetelotetetstensterars 4.3 
SULA WIDCILY | <scvss atvewacien Gletslolaleiere a cistate eleleTalciainiowe’alaisisiajeisicieieasisiete 4.5 
ID dwsaxooyn el 1EXOLS) sc oGoHodHouRn conoeOUoaGDooOObENotic: conobuaonodsc 6.2 
INKSRO) Gooncannasonoc obo CLA HOO ORDA SIRO TECBOOOCE son aatabanGDsEnS coal 8.1 
IN BVAGIDEN Gnas copenenuhone CONs Ea COCGeCpoandOenens bp UadcecundoUtade scar 3.8 
igh? poaesevoncorccos noun cieeonocoonmpecoodgdnn socbooouoccocgae 0.3 
ANISSEYIALTIS COT ie. care sect eC iels dew etele a Boe tTUes SSUES Aue ee istic ets 4.6 
Burbank’s SPYall bholWWaaeoccor oo OuEA Gon popdiodounaadncbodoGocecout 8.6 
Tagtbis “WAletare non gooorceoneno DGDO LUO Ce nooMboDAbaDBE ee et nee eeeenene 6.5 
Empire State.....cccccereec cesses ccc er eee ceeeeeeceeseecseereeees 5.0 
PEOPlE’S cecccecccscersenereeseseenseeeseneeereeeercnseessceenseens 10.0 

8.3 
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A duplicate plat of the above varieties, and two 
acres of Blue Victors and Late Ohios, for a field test, 
were, planted on alfalfa sod, June 20. They made an ex- 
cellant stand, were cultivated, hilled up, and irrigated 
twice during the summer; but the vines made a very 
slow growth until late in the fall, when frost stopped the 
growths that were forming. When harvested, most of 
the varieties and a large part of the field tests, did not 
return the seed planted. 

The seasons vary as to the date that potatoes may 
be planted with prospect of maturity. In 1895, those 
planted on June 25 were ripe Nov. 1. By continuing 
these tests for a series of years, the proper dates of plant- 
ing potatoes may be determined approximately. 


HORTICULTURAL DIVISION. 


Orchard and small fruits—The ground in the orchard 
was leveled. The trees stood the shock of a very severe 
pruning of dead and useless limbs. There was no dif- 
ference in the effects of the summer and winter pruning. 
The trees made a good growth in each case. A large 
number of the varieties bloomed, but a late frost, and the 
high winds, destroyed all but a few sets on a few trees. 
No apples worthy of mention, matured. Blight occurred 
on several trees, but was destroyed as fast as it appeared. 
A number of orchards in this vicinity show signs of 
blight. Pears bloomed, but no sets formed. 

The uneven condition of the soil in the orchard, would 
not allow the tests planned for green manuring. Peaches 
bloomed, but only about two dozen late peaches ripened. 
Blackberries and dewberries bore fairly well. The vine- 
yard made a good growth of wood but bore very little 
fruit. i 

Strawberries—Two attempts to establish a plat of 
varieties were made. With few exceptions the efforts 
were unsuccessful, due to the condition of the plants 
when received, in one case, and in the other, to the in- 
tense heat at the time of setting out. 

New planting—According to the schedule, the fruit 
trees and shrubbery, named in the following tables, were 
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planted. The apple trees were received from the Hor- 
ticultural Department of the College. The remaining 
portion was ordered from eastern nurseries and were 
received, apparently, in good order. They were set out 
with care, and received the best of attention, and the 
failure, in many instances, to grow, was due to the long 
time the orders were en route. 


PLUMS. No. Set. No. Alive. 
SHIPDerS eS: Bridewke aoc sow ee oe eee 3 5 
EELS 04 OC ORS DOUG EE cot cone ODO BAS DAE 3 3 
COCISAG OL AER sayoute aekisaecions « Tora Ree a ae 3 3 
BYFO lL War lOS Sissies austen dase ie ois ot ere ee 3 3 
J Belanilogh dol & See eae Ane cee Snare nan areCO Ee er oNOn eee 3 3 
PRUNE ATIC pe era ohaot c,21cthecs laters eel eishelawnoaieN. ciate 3 0 
PSDESUIIIA Peteteeysie ster Mrstouerereiciesaratin mie letentevel Spieieie s Ve (inieleraites 3 3 
BS ULE DO DIN reyateiats leiosnveloleteyeicrescitver Gnseoke 6 RRR ARTUR RR ER eR Eire 3 1 
OTE SEAL OLA cernaraviad a sind ire Hnieco maser ne aatancterctareperever-otNa 3 0 
DOWN Sb MULDEEL Ye .reyerccarccatereroyeereroherererorew ree a ae Ree 2 0 
Celestial® Figit cnr. svefiyanirskarstovanel naVonstalin tavacebotareeon lar etevere 2 0 
APRICOT. 
WHineESCRAPTICOL nem. csciore Sa osiele setieatelaaaewa slatetainre 2 2 
BANE Nal SS o-tateteh tere cere ste Gese vosele ole yeante bake hele sesnbadsicl uses creiseicketeieisiobeae 1 1 
J NTIKIAUCEN GS. CODCODD OOS OOOESE SEDOROB OCOD oe DOC SonarEr ares 3 f 3 
ES OUP MED UES Cate corso. go 5 cosa siojageiciecoretetes ene ielelataien sicisisieleloisisiaiedews as 2 2 
Japanese Hubbard........... Oh FE OOUaO MOS OO CIOS 2 2 
PEACHES. 
EOLA ING); Clad can abo goo cob OU anOdononoLoodOcncodae. 5 1 
(CHOISY? o agonssbasneenoode Ldn TOConDd oo aCdb or CD COOODES 5 0 
SSYIGSE Clam arte e eovote ores crate lace ontenlert sents osarei shires eo) eYa/ola, eialalafate)« 3 0 
RTL ORCA meine erereaie ereiaels =m ainlsrekesarcloscyatesareetcyeibigielsletess, ieee 3 3 
QUINCE. 
Cloennair ones 5 soabiousocaseonn cndooUsoc ino eacnucCoodudas 2 1 
(OMEORRS “Ahoanodtod boos obdSnOD Gon Doe ope cSUaU0OUUCODEe 2 2 
WHEE <Sbencepdobueoduonounbe cou nooondoddaddoDduonCeD 2 0 
Japan Columbia............. cee eee c cece ec eeeeees 2 2 
2 0 
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PEARS. No. Set. No. Alive. 
JAPAN: GOlMENPELUSSEt, pieiingics crelersrorteiegelarsis/ ate celstpietaye 


3 2 
TiNCOIN -COLCLESS re crcicis eee eterelsteierasete ete sveratelataverevel eters 3 2 
ESOONCE Veen staves SHrNBOC OUT BOO ET Po oa eeonaecacaric 9 3 2 

3 al 


PAINCOMN Sg tecnica od cisiete laterals o(ouibret Nem tere Sesaieien erecta ates 


CHERRIES. 
Louis: Philippe.)...... 55.000 « osempaanenie enone 
Black: Tartariamiys ovis siovjcteelememine sac ectenct ies 
Napoleon, Big arren Wiese cscs stelle aienen once cauieniit 
UD V.G MELOUSC<peielainnn etna in ole nferatatare a feteteretersie eipictereterere 
EMCO VIECA ois o.0i0) 10g drole sinieleisie,e sia ntereleleta Serer nr aMta rete rer 


won wvnnnwnws we w 
BNE SO Bann oO: ae 


LATCH EPS tcc win(eiojoleiaiorelalolays elev raielseralaiseretete tee melas 
Colverts uated: a dioiessieipleie/s elacsle elehelels etere afelsianretareteie crete 
Martha Washington...... ; 


Benoni 


wow fF FP won wow wo 


Indian 


Gideon’s Best 


wowwowwnnworer wow wo wow w 
wn w w 


Western Beauty 


Sweet: Bough crisps ac oscnsee see ceee eee 


ew we wewewewewe ws 3 wk 
ow wwerwwnwmwow w w 
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No. Set. No. Alive. 


wnonewn wow rt www wo ow 


or wWwwon o p w oo 


AS UCIST ea Male tarseiocls escie's Saeitees ree ane electors were sioltie ss 
North Carolina Limbertwig... wip cic cin eneceseceeves 
Gul SRB Cat yar cm sprcietctemanctiem averages bes csaiers!t siere 
SS Ua UeUW NON CO stersteyelorase seine etc eieicyasisovare Toe Rise wisrcinelare os + 
ieicss) Real ibys a ooaeseesocec acossasspoanpAgsasNS 
SN TOL cl C eemayatratereyotei ora sitisiolcrarateseietstsrsraisvctelciaistova.cia/s oe sjasre 
EVO CLMAVN DENCE Tos a5 VE © Coretels crnuatonst Verayeraleisieicieievars aie s/e <isialeiere 


SUMO HAEC OSC sete teres onialecslofe aiciaers wiessre ab sare ataleie Be 


ROAP LY met La WDCIUY cocci ahiue ies c.ceje'cs else odistiegenwe 
HS CAME Van O GION ortetetectepetctere cloves lela sieeicieve/sieidie/eieiaielersisiels 


Grindstone 
REED ee AO FOUN erereteteterevaretalnveve cs cie’s @)e’ole)o(alalele e\ovelnn\e.borsleleisisisiele 
ATKansas BeCauty...... ccc cececcsceccneeccecrevesce 
EVEUEIDD Olmeeicle seieislaieieisieteietsinictecieqeulomiasleijeidasisinig=sssesirise 


3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
3 
3 
3 
3 
3 
3 
PAULUMIMON Stra wDELTryi coe cmecitaee ene cesete sien es 3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
IEBhunolKsheskehel Gaooanu pornoooe Cerrone ODdGenDOaOOUOGOd00DD 3 
3 


ew Pp FY wm © wh ww oe Ow lw lO CU Ob lo 


Newton Pippin............0cecseceecseeteeceerececes 


172 NINTH ANNUAL REPORT 


No. Set. No. Alive. 


SMOKEHOUSE) «.ceecsmane cs cee ce coments en ent 3 1 
MVandevere: Pippinticcnt.cccs tes elie ceilse ml eeteettetetne 3 si 
SUMMEN @QUCOM erin Forelownixe ele einai elalerebel te eteiemtees 3 8 
IEGSCh Akl .d SeRmAn AcGD CORE OMOS GOGO FO Dade DGDORI Hey 3 0 
Crawford Pippiniesaes ovc.cdce cactesscisen eerstice Fae vette 3 3 
REA LAMM ert where. sie ores Wale leleien wists eis erect eee 3 2 
TOMS s Fioru.c.4,a.cielstaleiere ie s/ald ctyia\ solo ynloxetelei st stateisteheboleteneseraten 3 3 
Gideon: “INO. :20.terterccalaletetelerc le utalersioletersretctere telah efetetotaretetere tate 3 3 
Witter) (Gre enina 2h. .1- sisi s\e ls etole sistelslehetsetsistatserarerstereistte 3 3 
CUlASA LS 6.0 cylad scar dh Sale dv atmetedete ae else releletetetele teres 3 3 
AMC Ler e205 «io ca ePovecieie ace she ole SSolale ape stele tsbeletaratalelatel glee 3 3 
ALTIUS LON GD? © oo cies wicle’saleialera’e oietule’s rh aleietalacerttoletettictatstetetteieame 3 3 
Ohio Nonpareil..... a (sla setereraietatetatune tatarsteln ister stot rete teeter 3 a 
NUT TREES. 
Phin Shell Walinut.s. 00 ;.cdsaee aneacenunenee emacs 2 2 
OWN. Walt. tits. ares cots aeresteetme letter enietienetee 2 2 
Persian Walnuts... sinscsnsanorsplec memento nee 6 6 
Praeparturien Walnut 4 4 
Japan: Walnut sss 50s acsiaee saeeoneb remeron ena 2 2 
Chaberte. Walnut .s5.% os cones occteseche tee eee oe 2 2 
@hinguapin vNUG amecccvsins nee eee eee EEE 2 2 
Mrenche brand uette, coc... s0kcemes tee eRe 2 2 
Kentish <Cobs Milbert......c-sessusereeetenteneer te 2 0 
Costord Phin’ Shell Hilbertss. sen eee eens 2 0 
Butter MULE Mee cts one sentence enone adlatisdnomeso 2 1 
Shell) Bark “Hickory...c--0c te nese ee 2 0 
Papershelll (Pecan.5..0-+.sossesstee heen 4 2 
Japan’ Pedigree ‘Chestnut.......-sceese ene 2 0 
Spanish! Chestnut,... acseusonaecs ee eee 2 1 
American Sweet Chestnut........0.000.decescscee 5 0 
Sort —shell/-Almond-enccc eeeetecne ene eee 2 1 
Hard shell Almondcrasess: enact eee 2 0 
Benabume os .nssianccseee sone ene eee 2 2 
bnglish Wilbert. 052. .2.< uc cccsver een eee ee 4 4 
BLACKBERRIES. 
HEL AOVAa.GO! saa ecemsciacteich coke eee ee eee 2 0 
ETI ON samemisieuyoe te caice tec meee a eee Rene E CEE 0 
Minnewaski 
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No. Set. No. Alive. 


BE AVVO TE ata sain) eye cians eters ersAeee ae 6 0 
Sih 700 (Cre 2 GaA eS ASUsENe ra rGoda a dece eee KOCHI RENEE MORE on 6 0 
BCIUGAEIN OE serra crintaeeieiementels sslatine cen ek ot ae eae 6 1 
SLOMELS SLAY CYA a erceciesacineeerastee sissies saci iee eels 12 0 
GOOSEBERRIES. 
Pearl’ GOOSED CEL: cas accmneidn aston casein 2 0 
WMO CD SAR Gan, crrats iictanie ele ore tte tee ine Soieeoion ne Soba ee ce 2 0 
Lancashire Lad 2 il 
Chautauqua. Wec.cs+. 2 al 
Golden Prolific 2 0 
SPIT ST ESS re r2)srcl ciate otsrsettelalajsis! sais ieraicre semaines ciols 4 3 
ATL CUUESEL Woe apiore a's) cfc ste leis ov ielalsresaie.o esinieisin a givlee deseo ee ois 4 0 
PV OW AMIN tor serrate sistels 1s etacyays crete a.8 siatetale eieleicte were le coerdicine 10 1 
ORNAMENTAL TREES AND SHRUBS. 
UNIT OG CaM SaeAING Cle lactuiesiciciss sie teitasec ce ore ees uy 4 
Kilmarrick Weeping Willow.................000 2 2 
CUtLaeat VVC DIN Ss INCH -c) «;sicyeie)s'e:e'aicie-s seieieieisis se 2 2 
SOT MONV AOA ate tars stay csiasererars iat orevelem(orele parisien sleleieVeriaialais vieivlolers 4 4 
WAVE Gn eoeead erage dance 0 ethan CooEDOSee Co DO NGC Hon UA 4 4 
“Hydrangea ........ Batctoialclejolesiereictalele caskefelessiosereienie eset 2 2 
WAT INARI C VECDER ve. ctesites cicisrensnesis sec tesersisteeris aieleists 2 2 
FTONEY SUCKS] Marew nsec. jKooSnboupnondooacupHEmovadhied 4 2 
CURRANTS. 
REGHCROSS CUTAN Ge. « ciniciciiee oinrsierleleirieie sale AGETOOTON af 0 
La Versaillaise...........6..5. Pak he oe ee 2 2 
Cherry OULrA Mir oectectetiers el alieceniestsiones ister 2 2 
NVA ICOM GLa Cm CULT AT Umar sapere cleletarcteverstotelsteietersts etele(sze'< 2 2 
Champion) Blacks Currant sacs «vectra «icisiaee 2 2 
Heese ProlitienCurraitenosteetestedestarreiteriee -ievele\e 2 2 
Wa CtOriads CUrraIite ecrise ces niecineatiesercacticie scissile ele 2 1 
INOLUH SUA CULPA acirttttermicteciseahiesteieels (cele 2 2 
HighbUSh CranVeLlryincrcicccceaeceweverccrsnsicsrcice 2 0 
RASPBERRIES. 

Chinenitae Booasmovcaticocncoonnoocdund ost OgouaODHOEnOaBDS at 
INC ste). npocebooe cove coo da dnd onoodocdchcdcoUpcoceEDogo 6 
(Minko) Sean Ga aeee En mdb. do dpobeceAcs ond ce COROnre RCE aCaane 12 0 

2 at 
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No. Set. No. Alive. 


TUOUGOM < vivie vase one tee eee NTeieimaelela ojeysverole/aysis\eletetnrclsievets (emits 2 0 
Roy al CHUTCHY cise cisieletosjeie cs niavin a)eie’-lniateraratsrel satel fee 6 2 
YORE ates o8e sin einsasesarelaiors’ Slate tei sje (e wlatarave) hpiaratveenets areretmeat eda 6 0 
CAH hak) ies COC ROUERGe On TOOn Ln Onc odOpodcoOndariajasouc. 12 0 
DADA MW ENESDELYYicccs'slc ois state elo eelstnislelslelentter atten ers 2 1 


WIND-BREAK AND HEDGE TESTS 


The setting of a wind-break around the orchard was 
omitted for lack of opportunity. Only two hedge rows 
were set, one of California Privet, and the other of June 
roses. These were set along the drive south of the 
Station cottage. The lawns were improved, enlarged, and 
kept well mowed and irrigated. A quantity of flower 
seed was used in starting beds to ornament the grounds 
around the station cottage. 


Respectfully submitted, 
PHILO K. BLINN, 


Superintendent. 
Rocky Ford, Colorado, 


November 16, 1896. 
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REPORT 


OF THE 


RAINBELT EXPERIMENT STATION. 


To the Executive Committee of The State Board of Agricul- 
ture: 

Gentlemen—I herewith present the Third Annual 
Report of the Rainbelt Experiment Station. 

When I took charge, April 1, I found the farm in 
good condition. No crops had been planted, or had any 
land been prepared for planting. My having to find and 
buy the varieties of seed named in the schedule caused 
many of the crops to be planted quite late. 

Severe hail storms which did much damage occurred 
May 30, and August 21. A light hailstorm, June 22, 
destroyed the cherry crop. Dust storms, May 5 and 6, 
cut off all small grain which was unprotected. Hot winds 
in August damaged crops badly. Below is a table which 
may give some idea of the weather during the growing 
season. 
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All hoed crops, and trees, were cultivated after each 
rain, and as often between rains as was necessary to 
insure the presence of a soil mulch. Culture ceased about 
the middle of July. 

The heavy rain of May 30 packed the soil very hard 
in the lister furrows. A special harrow was made which 
was used to stir the crust thus formed in the furrows, 
and all listed crops were given one cultivation with this 
tool. 

FARM CROPS. 


Corn—Four acres each of Queen of the Field, White 
Australian, Colorado White, and White Kansas King 
were planted. Half of each variety was listed, and half 
planted across land stirred different depths. All were 
damaged so much by the hot winds in August that very 
little grain was produced. The effect of the different 
ways of preparing the land could not be seen. One-fourth 
of the White Australian was thinned to four feet apart 
in the row. This section grew to twice the height at- 
tained by the unthinned section, and did not succumb to 
the hot winds as soon as the thick corn. 

May 26, one row fourteen rods long of each of the 
following varieties of corn was planted: Eclipse, Great 
Long White Flint, Will’s Gehu 70-day, Improved Leam- 
ing, Pride of the North, Sanford’s Early, New England 
Flint, Early Prairie King, Early Butler, Early Thomp- 
son, Queen of the Field, White Australian, White Kan- 
sas King, and Colorado White. A few ears were pro- 
duced by Pride of the North. Every hill of Will’s Gehu 
bore ears. The other varieties produced no seed. 


SORGHUMS. 


Two acres each of White Milo Maize, Egyptian Rice 
corn, and Red Kaffir corn, and one-half acre of White 
Kaftir corn were planted with a lister. None matured 
seed. The difference in growth on the various types of 
soil was visible throughout the season. There was ten 
times as much feed per acre on the heavy soil as on the 
light types of soil. The difference in moisture supply 
will not account for all the difference in growth, as heavy 


12 
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soil in high places produced much better than the light 
soil beside it. Nearly all the land planted to the non- 
saccharine sorghums was of the lighter type, which ac- 
counts for the small yield. The different varieties pro- 
duced as follows :— 

White Milo maize, 2,200 pounds dry fodder per acre. 

Egyptian Rice corn, 1,800 pounds dry fodder per acre. 

Red Kaffir corn, 2,200 pounds dry fodder per acre. 

White Kaffir corn, 2,000 pounds dry fodder per acre. 

Two acres of Early Amber cane were planted May 
28 upon plowed ground with a planter drill. It matured 
seed and was cut September 8, making a light yield of 
fodder. 

May 26, rows 100 feet long were planted to varieties 
of sorghums. Early Amber cane, Kansas Orange cane, 
Fodder cane, Jerusalem corn, Large African millet, 
Brown Durra, Yellow Milo maize, White Kaffir corn, 
Red Kaffir corn, and Black Rice corn were tested. The 
seed was donated by Barteldes & Co., of Lawrence, Kan- 
sas. All except Black Rice corn gave a perfect stand. 
The Jerusalem corn and Brown Durra ripened seed, and 
were headed September 4. The Jerusalem corn yielded 
1,416 pounds and the Brown Durra 2,950 pounds of dry 
heads per acre. HFarly Amber cane was ripe September 
15. Yellow Milo maize and Black Rice corn were ripe 
September 20. The other varieties ripened but very little 
seed. No estimate was made of the yield of fodder, as 
the hail August 21 cut nearly all the fodder off, and the 
early varieties did not renew their foliage. But it was 
easily seen that the latter varieties produced the most 
fodder. 

Broom corn—Two acres of each Missouri Evergreen, 
Tennessee Evergreen, and California Golden were 
planted. All were planted with a planter drill except 
one acre of California Golden, which was listed. The hot 
winds damaged it badly. The lay of the land and the 
kind of soil and subsoil seemed to influence the yield 
more than variety and difference in the preparation of 
the soil. In basins which caught the run-off water the 
plants flourished. Also on heavy, clay land the brush 
was worth cutting. 
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SMALL GRAIN. 


Barley—One acre of Highland Chief, one-half acre 
vf Imperial Black Hulless, one-fourth acre of Mansury, 
and one-fourth acre of White Barley were sown April 
20 on light hill soil. The dry weather in May destroyed 
nearly all of it. A part of the Imperial Black Hulless 
and Mansury was cut for hay. 

Oats—One acre of Excelsior oats was sown April 7 
and plowed in. April 21, one acre of Black Russian oats 
was sown. All were destroyed by the dust storms, May 
5 and 6. 

Wheat—One acre of Defiance wheat was sown April 
7. A half acre of the same variety was sown April 21. 
Also one-half acre of Blount’s No. 16 was sown April 21. 
All varieties were broadcasted and plowed in. The sand- 
storms damaged some portions of the plats so that only 
a small part of each showed a good stand at cutting time. 
All were cut for hay. It was noted that. the wheat rip- 
ened very unevenly. Some spots showed wheat dead ripe 
while in other places, on the same plat, the wheat was 
still in the milk stage. 

Cultivating small grain—Rows of several varieties of 
oats and rye were planted three and one-half feet apart 
and cultivated carefully. By this method, good samples 
of seed grew beside the field plats where the latter failed 
to make straw. 

Millet—One-fourth acre each of Common, German, 
and Hungarian millet was sown June 12 on one of the 
plats where oats had been destroyed by the sandstorms. 
All gave a good stand, but were badly damaged by 
drought and hot winds. The crop revived after the rain 
of August 21, and a light mowing of hay was taken from 
the plats of German and Hungarian millet. The German 
millet gave the best yield. 

Hog millet, or Hirse—A small plat was sown to hog 
millet, June 12. It was cut August 12, making about 
1,600 pounds of hay per acre. The land upon which the 
hirse grew was plowed April 6 and planted to Soja beans. 
The beans were destroyed by hail May 30. The plat was 
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carefully cultivated from the time it was plowed until 
the Hog millet was sown. Sections of soil and subsoil 
are essentially the same on all the millet plats. 


HORTICULTURE. 


All the trees have made a reasonably good growth. 
Nearly all the currants and grape vines are dead. Goose- 
berries and raspberries are still holding their own. The 
Rocky Mountain cherry bushes were loaded with fruit, 
which the hail destroyed. 

Garden—A small plat was planted to garden truck 
April 30. The onions and radishes were eaten by insects, 
but the peas, beans, and lettuce did well. 

Melons, pumpkins, and squashes were planted June 
12. A good supply of squashes was grown. Nothing else 
matured. 

Canada peas—One-fourth acre of Golden vine pea was 
planted in rows by sowing in every third furrow. The 
first peas which set were picked the last of June when 
the vines began drying up. Rain revived the vines, and 
they bore a light crop of dry peas. 

Soja beans—A plat was planted with seed furnished 
by Prof. Georgeson, of the Kansas State Agricultural 
College. The hail completely destroyed them, while Mex- 
ican beans and Canada Field peas revived and produced 
seed. 

Cow peas and beans—June 20, one-fourth acre each of 
Mexican beans, Navy beans, and Black-eyed cow peas 
was planted. From the cow peas, fifty pounds of dry 
pods were picked. The others were full of green pods 
when frost came, but ripened very few seeds. 

Potatoes—One and one-half acres were planted to 
Late Ohio, Vick’s Perfection, Mammoth Pearl, and Mam- 
moth Prolific. A small section of the plat was planted 
April 30. The remainder of the plat was planted May 
22. Beetles attacked the vines as soon as they appeared, 
First, the Colorado beetle came. Its ravages were 
checked first by picking the mature beetles and crushing 
all eggs and larvee found, and later by a friendly bug 
which fed upon the larvae. The blister beetles (Meloid) 
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came in hordes about June 20. The vines were treated 
with Hammond’s Slug Shot, Paris green and lime, and 
with Paris green and water repeatedly with no permanent 
results. The beetles would leave when the remedies were 
applied, but the vines would soon be again covered with 
them. Finally, in sheer desperation, we went over the 
field systematically every few days and killed the beetles 
with staves. In this way some of the vines were saved 
alive until the rain and hailstorm of August 21. After 
this no beetles were seen in the field, and the vines that 
were yet alive renewed their foliage and produced some 
tubers. 
SUBSOILING. 


In April, five acres were subsoiled twelve inches 
deep. Corn, broom corn, and Early Amber cane were 
planted across this plat and across two other plats of 
ground plowed four and eight inches deep respectively. 
No difference in the growth of the crops on the different 
plats could be seen. 


ROOT INVESTIGATION. 


Work in this line was confined to a study of the 
roots of Indian corn in different soils, and at various 
stages of development. Corn was planted eight feet 
apart on well-prepared ground and thinned to one stalk 
in a hill. Stalks were dug out and their roots traced 30, 
45, and 60 days from the time of planting. The soil was 
a mulatto sandy soil about eight inches deep underlaid 
by a very fine-grained ashy-gray subsoil. In this soil, 
we found that the earlier whorls of roots grew down at 
an angle of about forty degrees and later whorls pene- 
trated at greater angles until the sixth, and all whorls 
later than it grew almost straight down. Thirty days 
after planting, roots were traced two and one-half feet 
deep, and three feet from the plant. Later some roots 
were traced five feet deep and as far aside. 

The earlier roots were small in all cases. The size 
gradually increased as whorls were added until the roots 
of the fifth whorl, where the roots grew to the maximum 
size. The upper whorls were sharply defined, but the 
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lower whorls were often so intimately blended that it 
required careful dissection to determine to which whorl 
a root belonged. 

Some writers have claimed that the later whorls of 
roots which penetrate the soil almost perpendicularly 
are used to supply the plant with water, and differ in 
structure from other roots so as to be especially adapted 
to that work. A few specimens of roots from different 
whorls which I have hastily examined in cross section 
show essentially the same structure. A core of compact 
cells in the centre of the root is surrounded by a ring 
of ducts. These are surrounded by compact tissue and 
that by the epidermis. There is no doubt that the later 
roots do supply more water than the earlier ones. Being 
larger, the number of ducts is usually twice as many as 
in the first roots. The ducts appear to be the same size 
in all the roots. Specimens have been preserved for 
more careful examination. 

When the corn was at its best, the roots of plants 
growing upon different types of soil were traced. It was 
found than in a black adobe soil, the roots grew near the 
surface, mostly in the upper foot of soil. In this soil, 
the rodts did not grow to great length, but turned and 
twisted about very much. The one which grew deepest, 
was traced to thirty inches below the surface. 

In a deep, heavy soil, containing much clay, the 
earlier roots were below the depth to which the cultiva- 
tor reaches at six inches from the plant. All grew down 
at a moderately sharp angle, but did not grow so far 
from the plant as they did in the ashy or “gopher clay” 
subsoil. Very few were traced deeper than three feet, 


while the greater part of them fed in the upper two feet 
of soil. 


SOIL EXAMINATION. 


So many inequalities in the growth of crops were 
noticed, even on the same level and where all visible 
conditions were the same, that we decided to examine 
below the surface for causes. The preliminary work 
was done by digging holes three feet deep every five 
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rods each way all over the cultivated land. The holes 
were numbered and a map drawn showing the location 
of each one. The different types of soil were noted, and 
samples of each, as well as samples of soil varying from 
the types, were taken and preserved. While digging, the 
thickness of each stratum of soil, the variations from 
types, the presence of lime or volcanic dust, and all 
other peculiarities seen were noted. A section across 
the field shows some peculiar changes. In one place, 
there is an irregular piece of ground a few square rods 
in extent which shows a stiff, black soil on the surface. 
In the thickest part, this soil is three feet thick. It 
varies from that thickness to a mere feather edge, the 
edge being covered several inches deep by the surround- 
ing mulatto soil. Both the black and the mulatto soils 
are underlaid by the same kind of subsoil. 

It 'is hoped that before another crop is planted a part 
of the field may be examined more in detail so as to en- 
able us to map the strata in sections showing their un- 
dulations. 

A microscopic examination of the soils show that 
nearly all the grains are angular instead of being rounded 
as in many transported soils. In many places flakes hav- 
ing the appearance of time were found in abundance. 
Some of these fragments resemble volcanic dust, deposits 
of which are found in a few places in this country. 


CAPILLARY RISE OF WATER IN SOILS. 


In making this test, the method used by Dr. Hilgard 
and Prof Loughridge and described in the “Report of the 
Work of the Agricultural Experiment Stations of the 
University of California for the years 1892-93 and part 
of 1894,” was employed. Three columns of soil were built 
up. One was the common mulatto sandy soil, another 
black adobe, and the third was “gopher clay.” Samples 
of the “gopher clay” contain particles so fine that they 
appear as mere specks when examined with a microscope 
which magnifies 345 diameters. The following table 
shows the rate of the rise of water in tubes filled with 


the three different types of soil. 
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CNY | ADOBE MULATTO GOPHER CLAY 
FROM STARTING | 
DINOUES a ie 5 inches 8 inches 6 inches 
TA NOULS:o 2. 12 inches 17 inches 17% inches 
2A NOUTS. 1 225 ss 14% inches 20% inches 21% inches 
BpLHOUTpaee. ee ee: 184% inches 264% inches 27% inches 
Pa ROUTS 252.4 ues 20% inches 27% inches 32% inches 
Gidayss 2h 6s: 23% inches 31% inches 3754 inches 
Ty daysoeeeses Rae 28% inches 34% inches 45 inches 
BO GAYBE mets ste ssce 32 inches 38 inches 51% inches 
60)-dalyes... 2 ee 36 inches 41% inches 58% inches 
Goede ys cere cag 37% inches \43 inches 63 inches 


The tubes are still standing, and the water is still ° 
rising in all. I hope to repeat this experiment using more 
types of soil. 

WIND-BREAKS. 


May 3, all of the small grain was up so that it could 
be seen a long distance. But May 5 and 6 a strong 
southeast wind blew so much sand across the field that 
all was cut off except what was protected. South of the 
east end of the plats was a field of cornstalks still stand- 
ing. The grain north of these was completely protected, 
although the grain field was twenty rods wide. South 
of the west end of the small grain field was newly-plowed 
land. The grain north of this was not cut off. The grain 
between the two protected parts was either cut off en- 
tirely or left hanging by threads. 

All the small grain in this neighborhood suffered 
in the same way from this storm. We found that fur- 
rows run east and west across a wheat field would lessen 
the damage done by the rolling sand. 

In cutting fodder this year, I have left a few rows 
standing every five rods in order to protect the land from 
the ravages of the wind, and also to catch snow in winter. 


ADDITIONS AND IMPROVEMENTS. 


The buildings have been repainted this year. Ma- 
terial is now on hand for the construction of an imple- 
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ment shed and a cellar. During the summer, a sod wall 
wind-break twelve rods long and four feet high was built 
for experimental purposes, but was not used because the 
physical apparatus necessary for performing the experi- 
ment was not received in time. We hope to extend the 
wall and use it next year to determine the influence of 
wind-breaks upon evaporation. Fifty dollars’ worth of 
tools and apparatus has been bought for use in studying 
the soil and conducting evaporation experiments. A com- 
bined lister and drill was added to the farm tools. 


Respectfully submitted, 
J. HE. PAYNE, 


Superintendent. 
Cheyenne Wells, Cotorado, 


November 4, 1896. 
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LETTER OF TRANSMITTAL. 


HON. ALVA ADAMS, 


Governor of Colorado. 


Sir:—Agreeably to law, I herewith submit the 
Tenth Annual Report of The Agricultural Experiment 
Station of Colorado. 

Since the establishment of the Station its principal 
lines of work have been as follows: Chemistry; field ex- 
periments; irrigation; horticulture; botany; entomology; 
and meteorology. 

Within the year, just closed, scientific irrigation in- 
vestigations have been carried on in the San Luis valley; 
experiments connected with the growing of sugar beets, 
in different parts of the State, have received careful atten- 
tion from the Agriculturist and the Chemist; and stock 
feeding experiments have been prosecuted with results of 
value to what is becoming an important industry in many 
sections of Colorado. 

The bulletin literature issued by the Station is of 
practical value to every one in any way interested in 
farming. The demand for bulletins is usually in excess 
of the supply, although an edition of 6,000 or 7,000 of each 
is printed. 

In their appropriate place, in the report, will be 
found the financial statement, of the Secretary of The 
State Board of Agriculture, showing the handling of the 
Experiment Station Fund; the reports of the Section offi- 
cers composing the Station Council; and the Superintend- 
ents’ accounts of the year’s work at the Arkansas Valley 
sub-station, at Rocky Ford, and the Rainbelt sub-station 
at Cheyenne Wells. 

Respectfully submitted, 


ALSTON ELLIS, 
Director. 


FORT COLLINS, COLORADO, 
DECEMBER 31, 1897. 


THE AGRICULTURAL EXPERIMENT STATION, 
FORT COLLINS, COLORADO. 
BOARD OF CONTROL: 
THE STATE BOARD OF AGRICULTURE. 


EXECUTIVE COMMITTEE IN CHARGE: 


A. L. Kellogg, Chairman, Alston fBllis, John J. Ryan, 
P. EF. Sharp, B. F. Rockafellow. 


STATION COUNCIL. 


Alston Hillis, ALcMes Pig Ds dui Deets President and Director 
Ver Wey COOKG By (Sica At ee ercioel tore ioe hans sieea ierstaes Agriculturist 
Cars Granda weMVoS wth. teu snecee oie Horticulturist and Botanist 
Wigs Headden Aj. Mine PhS wD gars ste see oouiekon oes olomoeene Chemist 
L. G. Carpenter, M.S...... Meteorologist and Irrigation Engineer 
OS Pas Gillecte;s Mga Sie c.rstepisevste sere eet hee oe le oe Huntomologist 
SS eA LDHES OSs 5 los ata's:'sr aio aitaney o” talcapahatlelente tetens cade cues rewsnecalee eakeys Secretary 


Ff. H. Thompson, B. S., Stenographer. 


ASSISTANTS. 


pee PnNS Sa WV GAEL OUIS sch, os, olde. cu aucNeuaho veh ce tatle mvmesiateLolance wteretebevenete Agriculturist 
VME Tes OOMMETA ps 5 icici sce a, 3 She aaeeeae otevenenete any chefs tel ny Ace ee Horticulturist 
Toutes Ae Test, B. M. EH. A: Oc sues. osur cee: fe ree Chemist 
lm, JO), Witenes Jey sino doc Meteorologist and Irrigation Hngineer 
Hs) SID) MES eV ete ose) Sieve) cay cactslia is seveuthe enewene otetaler proaietinc erste overs Entomologist 
4 SUB-STATIONS. 
WW, ms Ciro Gniegbs od Soe poo dn ooo mddootmoonseh Superintendent 
Arkansas Valley Experiment Station, Rocky Ford, Colorado. 
Veen Payne, M. Senne cess ee es oe ec apeie «ateleliels s Superintendent 


Rainbelt Experiment Station, Cheyenne Wells, Colorado. 


STATION EMPLOYES, 1897-1898. 


: 


HEREWITH ARE GIVEN THE NAMES OF ALL PERSONS REGU- 
LARLY CONNECTED WITH STATION WORK, THE POSITIONS 


FILLED, AND THE SALARIES RECEIVED. 


Home Station— Annual Salaries from 
Names and Positions. Station Fund. 
Alston’ Hillis, Diréotor’ aia swussuneeereaeeeeeren ee $ 900.00 
Wao W:. Cooke, Agricul turists nce nsccce eerie sci cianert 500.00 
GS. Crandall, Hlorticullturist. 7 nesncswsssecseiecndnr es 500.00 
Wins Bs Headden, Chemist, caccccciesssicacmiesieliptereter 500.00 
C. P. Gillette, Entomologist........... ‘ Rin eyels eleietveieoyecivs 500.00 


L. G. Carpenter, Meteorologist and Irrigation 


FE YN COTY sic ctela's sisic's dhe vin:she'p e/a letam (RieletotelatemeTeleieie’ slates eostorstalete ais 500.00 
J. E. DuBois, Secretary Executive Committee and 

Station: Cowen ects cases vieieisistetelvaveletetete tewerastsr aie rele ia 500.00 

ASSISTANTS. 
Prank D, Watrous; Aericultures. msc omsrcle ssn $ 1,000.00 
Jacob, Ho |Cowens— Horticulture ren ccmaecii sonra 1,000.00 
Louis .A. Test, \Chemistry ic: 0s..cmessatcsmelienio eesti se 1,000.00 
ilmer D. Ball, Hutomolosy.... cas secs niteemesieeceiecr 1,000.00 
Robert H. Trimble; Meteorology... ace. ceereseeease ns 900.00 
Pred Alford, (Chemistry: ;).. cc. osteoma eeeetencn ete 540.00 
JohnH. ekiteley, (\Chemistrya.. ccna eneee eee 540.00 
Sub-Station Superintendents— 

W. Hranke Crowley, Rocky) Hord a. seeete een 800.00 
J. H. Payne; Cheyenne ~Wellss.cs....ecaar eee eee eee 


The yearly expense for labor is about $1,800. 


800.00—$11, 480.00 


THE STATE EXPERIMENT STATION. 


SECRETARY’S FINANCIAL STATEMENT OF THE EXPERIMENT 
STATION FUND FOR THE FISCAL YEAR ENDING JUNE 30, 


1897. 

Receipts— United States. College. Total. 
United States Treasurer................- $15,000.00  $......... $15,000.00 
ADH Tali FEN ROYS hbKeKOSaveidoaaobobconaasbpenOboum acnosaloG 2,358.76 2,358.76 

PRO CA wi sretois'siste re leetereletloietelainis’seelacjee esstare $15,000.00 $ 2,358.76 $17,358.76 

Eapenditures— United States. College. Total. 
Salawles. Tectia aercss a varateresioinie se aclana sejesiorareres et 529/399 A0 MES ivaclesnis $ 9,399.40 
EGVORS Tiveiara Metasatar elves avaieds, xseiatelaeiayecaterelorclareicnele ereclese DL CSGS70) gametes siesta 1,636.76 
PRD CATIONS — a jcnlacts siovecsislels steer eeielorees wa) 838.00 419.87 1,257.87 
SUE MOANA ehescroige OmeIGUC OID OOO SD OO TOCOODSDOO OU SS20 oe eetalarsiatarstere's 203.29 
Breen Ande ex pVess si <. cereale see AQUEG | racine Sases 79.56 
Heat, Wet, amd Waters ccm .ciec renetereslelaieys AO 0 ew Reeeaes 4.00 
@WEMIUICAT ASU DDILES canis erie) s1e\a)eisietals/aietabstererrerate 130: GDiy eesti ace 180.65 
Seeds, plants, and sundry supplies.... 485.11 ......... 485.11 
PLOT OTS tore eiaccteloters,ciecofelaie delule sie-a srecumntete/tievat SOLO OM ie cerareratertes 85.00 
NCC ITS SIU LES creyatcgeleeicreretoiciersleeviaivreleintetoteletsy ele GaiteW(" Po iAosecond 631.17 
TEATS Vay OOo Ee Bere EERE orticses tn aroan® TELS ra CAE al 7.18 
TMOOIS) ANC IMPLEMENTS) cise veicisicicieia nleclers G2cABEl a etccrutees 62.48 
Furniture and fixtures......-....+.....+. 25:90)" weawenerrte sce 25.90 
Seilentific apparatus......0. 6. .screseecesae W363 eieisreiceres 186.11 
TD OSEKIOYO Sunes cop aaceicarennnomcnocoohnodaddc 102: SOE) Muteielere sie 702.86 
Traveling CXPCNSES........-eeeeeeesseceeee AOS: Qaim Matelstsiaisrioe 498.03 
Contingent CXPeNSES.........s.seseeeeeeee YOS00 8 asstercscae 10.00 
Buildings and repairs............see.seeee (S50 a aaesadoce 64.50 
Glas OTe DATE voice aisjeeteteare che eiee atetsretetarsdate eteretieier a sistelats 1 O3878OM ccteauntes 

ATO CEL. ace aic/sie sie autre ee ciarumiatrtar eictehalstas siteleisletets $15,000.00 $2,358.76 $17,358.76 


EXPERIMENT STATION INVENTORIES. 


NOVEMBER 30, 1897. 


AGRICULTURAL SECTION, FORT COLLINS— 
Farm IRmMpleMents.........ceccececececececscsecscrcssesens $ 449.50 
OMGe. HECCUTES iis oc visteinjn ciclale's wwinlale aterale crate violet eisinlevebieite sist 135.00 


HORTICULTURAL SECTION, FORT COLLINS— 
PVSEVUMICSTLES: | oid 5.c-5, sietaiele.o srecefo raise rmiorereveleausiniaietelereleteie ints intalerenrscst $ 173.14 
SUPPL oie civ iwiciclefers: ofeveiolare wralers)oiersleieps erate siete retaloteiensl oretstststefersisTare 427.30 


SECTION OF IRRIGATION AND METEOROLOGY, 
FORT COLLINS— 


Meteorological) InStruments ss jo... cciicieis:c 0c sle'els'siv[oleisvisisierete $ 391.40 
errigation Apparatus yengemanistmeccciescssin tele es siete seine 386.78 
Hydraulic Appar a tuspatis nro cisraisieiasi eniclsisevinisiee are a/eloTe'ate 150.70 
Stationery, Books; (Maps oresncac nas stinesice ses cmserasis 118.14 


ENTOMOLOGICAL SECTION, FORT COLLINS— 
Laboratory: Supplies sic. cracws avieiecnenemeeateine sae wire $ = 86.70 
Hntomologzical Supple: .ccceicewmacies crete eersielenters 53.30 
Insecticidestand. Apparatudsnaune-ichiisstbieeseass tent 115.15 
Apiary. SUPDMES.,- acre avios oisiv/aie svslete oisjetalee ei teeteriereeteelret 124.70 
Microscopical Apparatus in) Charge.......00. «ieee... 335.00 
Apiary Building and Suppliess.s.-c.ess cess ae ee 30.45 


Total for Home Station 


ARKANSAS VALLEY STATION, ROCKY FORD— 


Two Hundred (200) Acres of Land.............0..000% $ 9,800.00 
Water-Rights and vApparatuseac se. citeonecce eae 1,858.00 
Buildings and) Wenciney i215 ..c-scdcchiee cee eee eee 2,364.90 
PAV E-StOCK. 3 25s vices cee ceewetelono cos hee eee nee ae Tee 288.00 
Marm. Implements... ccssesionkomeve sew wioencce een eee 584.40 
Harmcbroducts) O£ land eanee: tos cckenereen et nee eee 700.48 


$ 584.50 


$ 600.44 


$ 1,047.02 


$ 745.30 


$ 2,977.26 


$15,595.73 


SAN LUIS VALLEY STATION, MONTE VISTA— 
One Hundred and Sixty (160) Acres of Land......... 
Twenty (20) Inches of Water in Rio Grande Canal. 
Buildines, Mencin gs; amd se Wills caste ve cin\crinctectee verse 
Elorsess Wiagon; and Arnesss se accececcasscee ocesies ee 
Marnr alm plemen ts; | Sls. see sae vee sisaianes visicioty cate eiese sects 

DIVIDE STATION, MONUMENT— 

Morty -(40)i Acresitot: Tama sttecrcstsics ase setinestrts clareseisties 
LEb HW to Sarath aie Seo umancor Eos coun Oa ap OodadoTbede seDuCrOo0 Dugan 


RAINBELT STATION, CHEYENNE WELLS— 
One Hundred and Sixty (60) Acres of Land........ 
PLOUSES VBAPD HE CICIIMN A CLC oiersleie vials .els\oisie\cleleielsioraisiersioiaicisis/@ 
Live-stock, and Implements. .........esicccccccceisecncse 


Farm Products and Supplies on Hand................ 


300.00 


$ 200.00 
700.00 


$ 4,153.55 


$ 900.00 


$ 2,017.00 


MOTAlOLeSUp-StAatlOl | PRODELUY isis curries ctelciciseleitele sislerevasiclee eters $22,666.28 
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EXTRACTS FROM THE “HATCH ACT.” 


Extracts from the act of Congress, known as the 
“Hatch Act,” approved March 2, 1887, for the establish- 
ment of Agricultural Experiment Stations in connection 
with Colleges established in the several States under the 
provisions of the Congressional Act, approved July 2, 
1862, and known as the first “Morrill Bill.” 


Section 1. * * * ‘That in order to aid in acquiring and 
diffusing among the people of the United States useful and prac- 
tical information on subjects connected with agriculture, and to 
promote scientific investigation and experiment respecting the 
principles and applications of agricultural science, there shall be 
established under direction of the college or colleges or agricul- 
tural department of colleges in each State or Territory established, 
or which may hereafter be established, in accordance with the 
provisions of an act approved July 2, 1862, entitled ‘““An Act Do- 
nating Public Lands to the Several States and Territories which 
may Provide Colleges for the Benefit of Agriculture and the Me- 
chanic Arts,’ or any of the supplements to said act, a department 
to be known and designated as an “Agricultural Experiment Sta- 
tion?) e 

Section 2. That it shall be the object and duty of said ex- 
periment stations to conduct original researches or verify experi- 
ments on the physiology of plants and animals; the diseases to 
which they are severally subject, with the remedies for the same; 
the chemical composition of useful plants at their different stages 
of growth; the comparative advantages of rotative cropping as 
pursued under a varying series of crops; the capacity of new 
plants or trees for acclimation; the analysis of soils and waters; 
the chemical composition of manures, natural or artificial, with 
experiments designed to test their comparative effects on crops of 
different kinds; the adaptation and value of grasses and forage 
plants; the composition and digestibility of the different kinds of 
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food for domestic animals; the scientific and economic questions 
involved in the production of butter and cheese; and such other 
researches or experiments bearing directly on the agricultural 
industry of the United States as may in each case be deemed ad- 
visable, having due regard to the varying conditions and needs of 
the respective States or Territories. 

Section 3. * * * It shall be the duty of each of said sta- 
tions, annually, on or before the first day of February, to make to 
the Governor of the State or Territory in which it is located a full 
and detailed report of its operations, including a statement of re- 
ceipts and expenditures. * * * 

Section 4. That bulletins or reports of progress shall be pub- 
lished at said stations at least ence in three months, one copy of 
which shall be sent to each newspaper in the States or Territories 
in which they are respectively located, and to such individuals 
actually engaged in farming as may request the same, and as far 
as the means of the station will permit. Such bulletins or reports 
and the annual reports of said stations shall be transmitted in the 
mails of the United States free of charge for postage, under such 
regulations as the Postmaster General may from time to time 
prescribe. 

Section 5. That for the purpose of. paying the necessary ex- 
penses of conducting investigations and experiments and printing 
and distributing the results as hereinbefore described, the sum of 
$15,000 per annum is hereby appropriated to each State, to be 
specially provided for by Congress in the appropriations from 
year to year, and to each Territory entitled under the provisions 
of Section 8 of this act, out of any money in the treasury proceed- 
ing from the sales of public lands, to be paid in equally quarterly 
payments, on the first day of January, April, July and October in 
each year, to the Treasurer or other officer duly appointed by the 
governing boards of said colleges to receive the same, the first 
payment to be made on the first day of October, 1887; provided, 
however, that out of the first annual appropriation so received by 
any station an amount not exceeding one-fifth may be expended 
in the erection, enlargement or repair of a building or buildings 
necessary for carrying on the work of such station, and there- 
after an amount not exceeding five per centum of such annual 
appropriation may be so expended. 

* * * * * * % 

Section 7. That nothing in this act shall be construed to 
impair or modify the legal relation existing between any of sald 
colleges and the government of the States or Territories in which 


they are respectively located. 
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Section 8. * * * And in case any State shall have estab- 
lished under the provisions of said act of July 2 aforesaid an 
agricultural department or experiment station in connection with 
any university, college or institution not distinctively an agricul- 
tural college or school, and such State shall have established or 
shall hereafter establish a separate agricultural college or school, 
which shall have connected therewith an experimental farm or 
station, the Legislature of such State may apply, in whole or in 
part, the appropriation by this act made to such separate agricul- 
tural college or school, and no Legislature shall by contract, ex- 
press or implied, disable itself from so doing. 

Section 9. That the grants of money authorized by this act 
are made subject to the legislative assent of the several States 
and Territories to the purposes of said grant; provided, that pay- 
ments of such installments of the appropriation herein made as 
shall become due to any State before the adjournment of tue reg- 
ular session of its Legislature meeting next after the passage of 
this act shall be made upon the assent of the Goyernor thereof, 
duly certified to the Secretary of the Treasury. < 

Section 10. Nothing in this act shall be held or construed as 
binding the United States to continue any payments from the 
treasury to any or all the States or institutions mentioned in this 
act, but Congress may at any time amend, suspend or repeal any 
or all the provisions of this act. 
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CIRCULAR FROM OFFICE OF EXPERIMENT STATIONS. 


Extracts from a circular issued from the office of 
Experiment Stations under authority of the United States 
Department of Agriculture. 


This Department holds that the expenditure of funds ap- 
propriated in accordance with the provisions of the act of Con- 
gress of March 2, 1887, for the maintenance of permanent sub- 
stations, is contrary to the spirit and intent of said act. The act 
provides for an experiment station in each State and Territory, 
which, except in cases specified in the act, is to be a department 
of the coilege established under the act of Congress of July 2, 
1862. The objects of the stations as defined in the first mentioned 
act are evidently of such a character as to necessitate the serv- 
ices of scientific and expert workers. Most of the lines of in- 
vestigation named in the act are general rather than local, and in- 
volve scientific equipment and work. The sum of $15,000 which 
is annually appropriated by Congress under this act for each 
station is only sufficient to carry out a limited number of investi- 
gations of the kinds contemplated by the act. 

Thorough work in a few lines has been found much more 
effective and productive of more useful results than small in- 
vestigations in numerous lines. When we consider the nature of 
the investigations, the amount of money provided for the work 
of each station, and the fact that the act expressly provides for 
only a single station in connection with each college, it becomes 
very clear that expenditures such as are necessary to effectively 
maintain permanent sub-stations ought not to be made from the 
funds granted by Congress to the States and Territories for ex- 
periment stations. The sums of money which can be expended 
for permanent improvements under the act of Congress afore- 
said are so small that it is clear they were not intended to meet 
the needs of more than one station in each State and Territory. 

When the legislature of a State or Territory has given its 
assent to the provisions of the act of Congress of March 2, 1887, 
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and has designated the institution which shall receive the bene- 
fits of said act, it would seem to have exhausted its powers in the 
matter. The responsibility for the maintenance of an experiment 
station under said act devolves upon the governing board of the 
institution thus designated. If the legislature of the State or 
Territory sees fit to provide funds for the equipment and main- 
tenance of other experiment stations and to put them under the 
control of the same governing board, well and good, but this does 
not in any way diminish the responsibility of the board to admin- 
ister the funds granted by Congress in accordance with the pro- 
visions of said act. 

The performance of ordinary farm operations by an experi- 
ment station does not constitute experimental work. Operations 
of this character by an experiment station should be confined to 
such as are a necessary part of experimental inquiries. Carrying 
on a farm for profit or as a model farm, or to secure funds which 
may afterwards be devoted to the erection of buildings for ex- 
periment station purposes, to the further development of experi- 
mental investigations, or to any other purpose, however laudable 
and desirable, is not contemplated by the law as a part of the 
functions of an agricultural experiment station established under 
the act of Congress of March 2, 1887. Section 5 of that act 
plainly limits the expenditure of funds appropriated in accord- 
ance with said act to “the necessary expenses of conducting in- 
vestigations and experiments and printing and distributing the 
results.” 
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ANNUAL REPORT SECRETARY OF AGRICULTURE. 


Extracts from the annual report of Hon. James Wil- 
son, Secretary of Agriculture, for the year 1897. 


OFFICE OF EXPERIMENT STATIONS. 


The agricultural experiment stations, now in operation in 
every State and Territory except Alaska, continue to carry on a 
large amount of scientific and practical work giving results of 
great value to American agriculture. They enjoy more largely 
than ever the support and confidence of farmers and horticultur- 
ists. A number of the States have liberally supplemented the 
funds appropriated by Congress for the maintenance of the experi- 
ment stations. During the past year the revenues of the stations 
aggregated more than a million dollars, of which $720,000 was 
received under the act of Congress of March 2, 1887; 

No country equals the United States in the liberality with 
which it maintains institutions for agricultural research and in 
the thoroughness with which the results of their work are dissem- 
inated among the people in whose interests they were established. 
So great has been the success of our stations and so urgent have 
been the demands for the information which they are able to give, 
that the calls upon station officers for the preparation of popular 
bulletins and the delivery of addresses at farmers’ meetings have 
in many cases been more than it was possible for them to meet 
without endangering the success of the original investigations 
which it was their first business to conduct. 

While the farmers of the country may well congratulate 
themselves on having such numerous and important agencies for 
the discovery of new truths and the dissemination of useful in- 
formation regarding the practice of their art, they should not relax 
their efforts to aid the stations in advancing the efficiency of their 
work and securing the greatest benefits to agriculture which can 
be obtained with the resources at their command. Many of our 
experiment stations are doing all that could reasonably be ex- 
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pected of them with the means and facilities at their command, 
but in some cases, as the investigations made by this Department 
have shown, the stations are hindered in their work by causes 
which might easily be removed. Some of the difficulties which 
the stations encounter grow out of the fact that the people are not 
sufficiently alive to their interests in this matter to insist that the 
station work shall be performed in accordance with a consistent 
and permanent policy. It is obvious that thorough agricultural in- 
vestigations can not be made if the plans and personnel of the 
station are being constantly shifted. This fundamental fact has 
been too frequently overlooked by appointing officers and boards 
of control. Fitness and ability to carry on successful investiga- 
tions should be the fundamental qualifications for station officers, 
and when competent men are once obtained, they should be made 
secure in their positions and supported in their efforts to plan and 
earry out thorough experiments. 

The funds appropriated by Congress for the ex Gerinent sta- 
tions are intended solely for the carrying on of agricultural inves- 
tigations and the publication of the results. The stations are by 
law made departments of the land-grant colleges, but it was not 
intended that any part of the station funds should be used for the 
payment of the salaries of the teaching force or for any other 
general college purposes, nor that the expenses attendant upon the 
management of farms or dairies for other than experimental pur- 
poses should deyolve upon the stations. It is evident that in some 
cases the college has encroached upon the station, and there is still 
need of greater care in this matter. It is the duty of all institu- 
tions receiving the benefits of the land-grant and Morrill acts to 
make ample provision for the maintenance of the courses in agri- 
culture without in any way- diminishing or diverting the funds 
which should be devoted to the experiment stations. 

The stations should confine their operations to such lands and 
herds as are actually required for the carrying on of experimental 
inquiries in a few lines determined upon as best adapted to pro- 
mote the interests of agriculture in their respective States. 
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OUTLINES OF STATION WORK FOR 1897. 


AGRICULTURAL SECTION. 


It is desired to continue the present experiment on 
the raising of early lambs for market; and to continue 
the present tests of dairy feeds in the barn and on pas- 
ture: 

The pig feeding experiment with the present series of 
nine sets of animals will close about May 1, and it is de- 
sired to use all the animals through the summer in a test 
of the pasture value of alfalfa, with and without grain. 


FARM CROPS. 


I. Tests of varieties of wheat, oats, barley, and corn. 
II. Tests of different times of irrigation on corn. 
III. Test of the disc plow on sugar beets. 
IV. ‘Test of top dressing for alfalfa. 
V. Pasture grasses for sheep feed. 
VI. Forage crops for alkali ground. 
VII. Effect of missing hills on the growth of corn. 
VIII. Colorado seed corn compared with that from other 
states. 
DIGESTIBILITY OF ALFALFA. 


It is desired to make this the principal work of the 
summer. To make the tests a success as outlined in the 
communication sent to the Committee last December, will 
require a great deal of work and some expense. It will 
require the gathering of samples on both a small and a 


2 
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large scale all through the summer and the feeding of 
these samples to both steers and sheep. This is work, 
however, that can be done by the regular force now on the 
farm, without hiring any extra help except for the chem- 
ical analysis. 


SECTION OF BOTANY AND HORTICULTURE. 


I. The study of the Flora of the State, special atten- 
tion being given to: 
1. The weeds of the farm and garden. 
2. Grasses, native and introduced. 
3. The various species and varieties of the 
genera Oxytropis and Astragalus. 
II. The further introduction to the garden of such wild 
fruits as can be obtained. 

III. Nursery test of orchard fruits with a view to the 
study of the adaptability of varieties to this cli- 
mate. 

IV. Tests of varieties of small fruits. 

V. Codperative work with the Division of Forestry of 
the United States Department of Agriculture. 
Under the first division of the schedule it is much de- 
sired that opportunity be afforded for an examination of 
the Flora of the southern portion of the State. There are: 
several regions that have not been visited by botanists, 
and information concerning the characteristic plants of 
these regions is much needed. 
Under the third division of the schedule, our lists of 
varieties of fruits that it seems desirable to add to the: 


present collection, if filled, will involve an expenditure. 
of about $100. 


It is, also, proposed to continue the work of last sea- 
son with different methods of grafting, and with crossing. 


ENTOMOLOGICAL SECTION. 


I. Collecting and rearing insects for the purpose of 
determining food-habits and life-histories. 
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II. Further investigations and collections to deter- 
mine the Fauna of Colorado. 


III. Experiments for the destruction of insect eges. 


IV. Testing new insecticides and insecticide appli- 
ances. 


V. Experiments to determine doubtful habits and 
test certain remedies for the Codling Moth. 


VI. A study of cut-worms and cut-worm moths for the 
purpose of determining food and egg-laying 
habits and finding methods of prevention and 
remedy. 


VII. Experiments for the destruction of miscellaneous 
insect pests. 


VIII. Building up the economic collection through ex- 
changes with other institutions. 


IX. Experiments in the Apiary: 

(a) To determine the value of sugar as winter 
stores. 

(b) Testing apiary appliances. 

(c) Making a collection and list of native honey 
and pollen-producing plants with notes 
as to their probable value. 

(d) A study of the disease known as “bee paral- 
ysis.” 

CHEMICAL SECTION. 


I. The completion of the bulletin on Alfalfa Hay, the 
work on which is already quite well advanced. 
Il. The continuance of the study of the artesian 
waters of the San Luis Valley. 
III. Experiments with sugar beets on alkali soil. 
Note—The second topic is intended to be the begin- 
ning of a study of the chemistry of irrigation waters. 
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SECTION OF METEOROLOGY AND IRRIGATION 
ENGINEERING. 


I. Continuation of the irrigation survey of the San 
Luis Valley. It is designed to complete, in 
1897, the work commenced in 1896. 


II. Investigation of losses by seepage and evaporation 
from canals and reservoirs. 


III. Investigation of return waters of the Poudre and 
Big Thompson rivers; also, of the St. Vrain 
and Boulder creeks. 


IV. The Duty of Water. 


V. Continuation of observations of elements bearing 
upon agricultural meteorology. » 


Su hee Co 


= 
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RAINBELT EXPERIMENT STATION. 
CHEYENNE WELLS, COLORADO. 


Acres. 
General farm garden, including melons, squash, and 
PUTIN KUM SOR era rete esis, cteerae toast onal rN le tat eee M% 
Canada field peas, five or more varieties................. 1 
COW PCAS—aVATICtiCs iaaess serecea tes aise ae ec eee 1 
O aIS—VALIClIOS “acras ce eh cs ce ree ete een ee 2 
Sprineswheat— Varieties ects erected sees ee eee ne 2 


I wish to test here seed grown by irrigation as com- 
pared with seed grown by “dry farming.” 
PB ALTCY == Valle LOS airs cara Poretan eee oaalocere te iaieins cra eine Meroe 1 
EUV. C= VALI CLIOS ehevtateteatersaicra chars ea rater abnad Me he state alone 2 
Millet—varieties, including German, Common, Hungarian, 
Japanese, and all others which can be found in time 


Tomsttial. Also) test: timesiofreseeding-4. a cm see eit 4 
Potatoes—variety test and culture test.................. 2 
Beets. Varieties of sugar and Mangel Wurzel.......... % 
Non-saccharine sorghums—varieties tested in small plats.. 2 
BOOM COMN=- Variety teSteimraererece aptatacsoicle seeeetieys ioe eters Y% 
Corn—variety test—twenty or more varieties............. 5 
Early Amber sorghum, broadcasted, in drills, in hills..... 5 
ESLONV INE) ULLAL sora whoo es cierele cea ole och sasrale rs ayers a cndesiae rst anc aeetensos 6 
Grasses-—variety test, including alfalfa.................. 1 
One acre is now in fall wheat—88 varieties.............. 1 


Rows for testing shrubs and trees to be used as wind- 
breaks. These will include Russian Mulberry, Colo- 
rado Artemisia and Russian Artemisia cuttings, Rus- 
sian Wild Olives, and such others as can be had by 


planting time... 2... cece ee eee cee tees cee eee eee eee 


anonenl iapbooodorre Ore CKOWs obo po dhoboUgohumU dg. omen ooo oor 38714 
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This schedule covers the available land, perhaps a 
trifle more, when roads, turning-rows, and yards are de- 
ducted from the 40 acres broken. 

The missing trees in the orchard should be replaced 
by selected “hardy” trees. And, if we have the funds, 
I recommend that 40 trees be bought of the Iowa Exper- 
iment station, allowing Professor Budd to send us such 
as his judgment dictates. Twenty apple trees are needed 
to replace dead trees and fill out the plat. 

Included in culture tests proposed is a modification 
of Campbell’s method of soil culture which is spreading 
over the semi-arid region so rapidly. 


OTHER WORK PLANNED. 


1. Testing the influence of a wind-break upon evap- 
oration, and also upon a crop. 

2. A continuation of soil study begun in 1896. 

3. A continuation of the study of the development 
of the roots of forage plants which was also begun in 
1896. 

4. A comparison of seed wheat grown under irri- 
gation with that grown by “dry farming.” 

5. Coéperation with the different scientific depart- 
ments of The State Agricultural College in making col- 
lections, and in obtaining a greater knowledge of the 
eastern part of Colorado. 

It will be seen that my plan for this year is to test 
as many varieties as possible. This will cut the farm 
up into numerous small plats and make a large amount 
of work in the line of careful note-taking. Much of the 
planting must be done by hand, also, on account of the 
small size of the plats. This will increase the labor very 
much during planting time. 


With this schedule, it may be best to employ a hand 
most of the time from May 1st to October 1st; but, of 
course, there may not be steady work during May and 
September. ; 

For wind-breaks, I recommend that Russian Mul- 
berries be planted in thick rows twenty rods apart. At 
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that rate we could use 3,000 here. They have succeeded 
here better than any other trees except cherry trees. The 
Russian Mulberries grow about 5 to 6 feet high and are 
quite bushy. They could be used at first, and if other 
trees prove adapted to the use, we can put in the new 
trees later. 

The Division of Forestry of the United States De- 
partment of Agriculture might help this Station in test- 
ing trees suitable for growth here. I recommend that 
that Division be invited to use some of the Station land 
for the purpose of testing varieties of trees. 
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THE ARKANSAS VALLEY EXPERIMENT STATION. 
ROCKY FORD, COLORADO. 


CEREALS: 


1. Wheat—(Already sown.) 

A comparative test of varieties: the preliminary 
trial to be on small plats and the most promising vari- 
eties to be carried to practical field tests of an acre or 
more, the same test to include spring sowing. 


2. Rye—(Already sown.) 

The portion of land above the Rock Ford Ditch.and 
that immediately below, yet too high for convenient ir- 
rigation (except during high water) were sown to winter 
rye, the object being to prepare this area for seeding to 
alfalfa, a crop which, once established, will often grow 
on this part of the Station, owing to its close proximity 
to the ditch. This may also serve as a cultural test of 
winter rye, as it will probably yield a crop of rye the 
coming year. 


3. Oats— 
A test of the possibilities of two crops in one season. 
4. Barley— 


Considerable demand is felt in this portion of the 
State, for a summer feed for pigs. Many farmers are 
turning their attention to barley. The test on barley 
the past season at this Station indicates a crop favor- 
able for that purpose. Owing to some of the objection- 
able features of the common bearded varieties, I would 
recommend a test of an acre or more of the Phoenix, or 
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beardless variety, to test its yielding qualities in this 
portion of the state. 


oC Orn — 


(a) Test on culture. Irrigation versus cultivation, 
and how much of each? The test to continue over a 
Series of years. Test to be planned as follows: Ten 
acres to be pianted early, in as uniform condition as pos- 
sible, the whole field to receive two cultivations while 
the corn is yet small, for the destruction of weeds. The 
field then to be divided as follows: north and south into 
three sections; the first to receive one irrigation, the 
second two irrigations, and the third three irrigations. 
The field also to be divided east and west in three sections: 
the first to receive one cultivation, the second two culti- 
vations, the third three cultivations; thus making nine 
sections of the field under nine conditions, from the part 
that receives one cultivation and one irrigation, to the 
part receiving three cultivations and three irrigations. 

Notes to be kept on the cultivations and rains that 
fall, and, if possible, a measurement to be made of the 
water applied to each portion of the field, and a record 
of the yield of each plat to be reported each year. 

(b) Corn on alfalfa sod to prove how long the 
effects of alfalfa will last. The plat of four acres of 
alfalfa sod that was planted to come up last year to be 
continued in corn with same cultivation for a series of 
years—a record of the yield to be kept. 


(c) Test of varieties. 


RICE—Test of upland rice—smal! plat. 


GRASS—The establishing of test grass plats of 
different varieties to be continued; also test of annual 


forage crops to be made. 
GARDEN DIVISION. 


VEGETABLES—Test of varieties with notes on 
cultivation and irrigation. Miscellaneous planting for 


exhibition purposes. 
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POTATOES—Culture. Variety tests with differ- 
ent methods of culture and irrigation applied to early, 
medium, and jate plantings. 


HORTICULTURAL DIVISION. 


OLD ORCHA RD—Observations on amount and date 
of first blooms of varieties; notes on setting and fruit 
yields. 

NEW ORCHARD—Dead trees to be replaced; notes 
on growth and development. 

SMALL FRUIT—Addition to present varieties. Re- 
placing such varieties as failed to grow. 

FORESTRY—Adding ornamental trees and shrubs. 


ENTOMOLOGY. 


Observations on injurious insects; spraying orchard 
and garden crops; notes on same. 


IRRIGATION. 


Measurement of water applied to crops. Night 
versus day irrigation; trial on two rows of cantaloups. 
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BULLETIN PUBLICATIONS. 


The first bulletin, under the provisions of Section 4 


of the “Hatch Act,” was issued in August, 1887. Includ- 
ing two technical publications, making numbers of a 
Special series, forty bulletins have been issued, an aver- 
age of four each year meeting the requirements of the 
-law. A list of these publications is herewith given: 


No. 
at 


2: 


DPN 


- 


Subjects. Authors. 
Reports of Experiments in Irrigation and Meteorology. . 
BP er iss oases ofeuctlolotataie ss, wares sts) aiake dc anePsveba savers; hmenere Elwood Mead 
Report of Experiments with Grains, Grasses, and Veg- 
etables on the College Farm.................. A. BE. Blount 


Concerning the Duties of the Secretary of The State 


Board of Agriculture, and Distribution of Seeds...... 
De eMe Ast coy 7 eNsiioy owcsrava te ak ale, Soda tela So oueTOLOM cv caremee eet trees Frank J. Annis 


Report of Experiments with Potatoes and Tobacco...... 


5.8 ODOLIOD DD 0 OO RIO OTC OUT CO odniso a. Irae James Cassidy 
Eperimentss ia the cA Plaryvisnteen sie ssrasest emp sccten cee C. M. Brose 
Notes on Insects and Insecticides............. James Cassidy 

: é { James Cassidy 
Potatoespand: Sugar Beets ieren serie «eo cece } Davideousring 
Alfalfa: Its Growth, Composition and Di- David O’Brine 

XS OIA Aare na AeAminen oldies Dirac eros Amo creek Oo James Cassidy 
Sotlsramd: Alkali inte tecre ciotcleeierntiewtaters ave oan cre David O’Brine 

( David O’Brine 
“NGO Od bah DO ORDER CDNAS OOO OO OOO PROD OC ) James Cassidy 

(Cc. L. Ingersoll 
Sugar) Beets... 2... ec oe 2s srereis tins eleiels)cimrsicieisls ) David O’Brine 


Some Colorado Grasses and their Chemical ( David O’Brine 

PAG Tal V SIS ios toc usccls ssa luo Rte ae GRE er Ronee ) James Cassidy 
On the Measurement and Division of Water..L. G. Carpenter 
Progress Bulletin on Sugar Beets............. David O’Brine 


The Codling Moth and the Grape-Vine Leaf-Hopper..... 
C. P. Gillette 
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16. 


tte 


18. 


19. 


20. 


21. 


22. 


23. 
24. 


25. 


26. 
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The Artesian Wells of Colorado and their Relation to 
Trrigation: 2... 0s. < 20+ seis» + on eh en Carpenter 
A Preliminary Report on the Fruit Interests of the State } 
ae Ea ae nae rs RM Mico Ald oon StS Cc. S. Crandall 
Index Bulletiqin.. }.. cee aes f cio ela ouete xvas ne eeeenrenens W. J. Quick 
Special Bulletin “A”? Concerning Subjects Investigated 
by the Experiment Station. ..............0.6...-.5.. 
Observations upon Injurious Insects, Season of 1891.... 
acahe Yom wiavelerel oie ele rers 6 wes) olevouctely eueketetskapacdsnekenlreemeremens C. P. Gillette 
I. The Best Milk Tester for the Practical 
Use of the Farmer and Dairyman...... | 
II. The Influence of Food upon the Pure Fat ( Vea 
Present, in SMES 3% oslo: ctorecsleaeteenierone tole ster 
f, Sugar Beetsnicisn’s svererorstenceriemete tes 
LE. drish Potatoes en i1.:.neior-camecnctonstersie F. L. Watrous 
MATS Eri t PRAISING ie ates a terete rere tete eterna ieee 
A Preliminary Report on the Duty of Water..L. G. Carpenter 
Colorado: Weeds 5.5 Sets cic tgrhareuetenshetsiieaxete saya ae toi C. S. Crandall 
A Few Common Insect Pests;................. C. P. Gillette 
Progress Bulletin on the Loco and Larkspur. ..David O’Brine 
/ Garden Notes for 1803...........+.. pt y ena 
| Farm Notes for/1893. 225 nsession ae beeen S 
Seeding, Tillage, and Irrigation.............. Fred. Huntley 
The Measurement and Division of Water. (Third Hdi- 
tion, Revised, of Bulletin No. 18).......... L. G. Carpenter 
The Russian "Phistles a. Asian oleae toe C. S. Crandall 
Strawberries and Grapes: Notes on Varieties.......... 
BE OEIC TOE Aca so cleo Marion J. Huffington 
I. Farm Notes for 1804...........+--. a ee 
Tis; Notes.on- Tomatoes... eee Marion J. Huffington 
Hemiptera of Colorado. (Technical Series, 
C. P. Gillett 
Noviyl c.0..5 4p oe ee ee 
Sheep Feeding in. Coloradoy.... vnccnueee ee W. W. Cooke 
Seepage or Return Waters from Irrigation...L. G. Carpenter 
Cattle Weeding in’ Colorado.: 12. ee eee Ww. W. Cooke 
ANP AED Saivceetas a atptneretee tee Soe Wim. P. Headden 
Sugar Beets. tees woe ee ( W. W. Cooke 
iui ee a ) William P. Headden 
The Birds of Colorado. (Technical Series, No. 2)..W. W. Cooke 
b.- Shieep Scab asc ccw stator eh eat ree eee eae " . 
II. A Few Insect Enemies of the Orchard... 5 O.F. Gillette 
A Study of Alfalfa and Some other Hays.............. 
Mea SRNR Sis Cony tates ts 1 Bc William P. Headden 
Barley 


REE CO en om oO as A hee es se W. W. Cooke 
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REPORT OF THE DIRECTOR. 


T'o the Executive Commiitee of The State Board of Agricul- 
ture: 

Gentlemen—The work of the College and that of the 
Experiment Station, as I have to do with both in execu- 
tive functions, are so closely connected that a report re- 
lating to either must necessarily touch upon some matters 
bearing upon the other. 

In Colorado, the Experiment Station is made a De- 
partment of the College. The Executive Committee of 
The State Board of Agriculture has general control of the 
work of the Station. The final decision as to the charac- 
ter of the work to be done rests with the Committee. 
The Station Council, made up of such Faculty members 
as have to do with those departments of the College 
whose work touches most directly the agricultural inter- 
ests of the State, has the planning and immediate super- 
vision of the experimental work for the Home Station 
and an influential voice in determining what lines of ex- 
perimental work shall be prosecuted at the sub-stations. 

The work of the sub-stations receives but little au- 
thoritative oversight from either the Executive Commit- 
tee or the Station Council. The superintendent in charge 
of a sub-station prepares a schedule setting forth the ex- 
perimental work he thinks it desirable to undertake, and 
such schedule is considered and acted upon by the Execu- 
tive Committee and the Station Council in joint session. 
This schedule, as thus adopted, is the superintendent’s 
guide in carrying on the year’s work at his particular sta- 
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tion. Within the year he makes reports to, or seeks ad- 
vice from, the Executive Committee through the Director 
of the Station or the Secretary of the Board, both of 
whom are officially connected with the Station Council. 


So close is the connection of some phases of college 
work and station work that, at times, it is difficult to tell 
where one ceases and the other begins. There are, in- 
cluding the President of the College and the Secretary of 
the Board, seven members of the College Faculty who 
give-a part of their time, not definitely determined, to sta- 
tion work. The total sum paid these employés, annually, 
is $15,900. Of this total, the sum of $3,900—or less than 
one-fourth—is paid from the Experiment Station Fund 
received under the provisions of the Act of Congress, ap- 
proved March 2, 1887. 


Secretary Wilson, of the Department of Agriculture,. 
in his report for 1897, says: 


“The stations are by law made departments of the land-grant 
colleges, but it was not intended that any part of the station 
funds should be used for the payment of the salaries of the teach- 
ing force or for any other general college purposes. * * * It 
is evident that in some cases the college has encroached upon the 
station.” 


In that case “our withers are unwrung.” At no time 
since the Experiment Station was made a College Depart- 
ment, ten years ago, have there been any drafts made 
upon the “Hatch Act” fund for the salaries of college em- 
ployés or, in any manner, to support or equip any college 
department. On the contrary, it can be clearly shown 
that the Experiment Station, as a Department of the 
College, has received financial support considerably in 
excess of the annual appropriation of $15,000 provided 
for in the Act of 1887. 

In order that I might discuss the subject more in- 
telligently, by reason of the statements of others con- 
nected actively with our station work, I sent to each mem- 
ber of the Station Council the following communication 
and requested a reply in writing :— 
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“Office Director Experiment Station, 
Fort Collins, Colo., December 4, 1897. 
To the Members cf the Station Council: \ 

Gentlemen—What fraction of your whole service, for which 
you draw salary as an employé of the College and the Experiment 
Station, is given to the experimental work of the Section which, 
as a member of the Station Council, is under your personal direc- 
tion? 

An answer approximately correct is all that is required. The 
part of time reported as given exclusively to station work should 
include work at home and abroad; also, time employed in attend- 
ing farmers’ institutes and in preparing work done therein, in 
writing bulletins and compiling statistics, and in such correspond- 
ence as relates to experimental work. 


Respectfully, 
ALSTON ELLIS, 


Director.” 


The statements, received in reply, showed that no 
member of the Station Council gave less than one-third, 
nor more than one-half, of his time to station work ex- 
clusively. In this connection it is proper to remark that 
no station worker, ranked as an assistant, does any teach- 
ing or other work that is provided for in the schedule of 
college exercises. If faculty members engaged in station. 
work were paid therefor in just proportion to time em- 
ployed and service rendered, from the station funds they 
would draw $5,450 instead of $3,900 as at present. 

For the equipment necessary for furthering the ex- 
perimental work, the station fund has not been drawn 
upon to any great extent. Most of the materials and ap- 
pliances used in the different sections of station work 
have been bought with money from funds exclusively col- 
lege. The inventory, recently taken, shows the total 
value of all station apparatus and supplies, at the Home 
Station, to be $2,977.26. This sum does not represent an 
amount equal to $300 a year for each of the ten years the 
Station has received government support. This station 
equipment is in charge of the agriculturist, horticulturist, 
chemist, entomologist, and irrigation engineer, all of 
whom haye membership in the College Faculty. The 
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value of the college equipment fund in the departments 
presided over by these faculty members reaches a total 
of $29,083.29, or nearly ten times the value of all supplies 
and appliances belonging exclusively to the sections hav- 
ing to do with the experimental work of the Station. 

The college furnishes quarters for the prosecution of 
the experimental work and keeps them cleaned and 
warmed; provides these quarters with most of the office 
furnishings needed and keeps them in repair; and not in- 
frequently transfers service which is retained at sole 
charge on its treasury, into the experimental field to help 
on station work. From November 30, 1896, to November 
30, 1897, fourteen hundred and forty-five letters were 
mailed from my office, more than one-third of which re- 
lated exclusively to station business. The stenographer, 
to whom all my correspondence is dictated, does not re- 
ceive any of his salary from any portion of the experi- 
ment station funds. 

The foregoing statements make clear\the fact that, 
in Colorado, no portion of the work of The State Agricul- 
tural College is carried on at the expense of the money set 
apart for station support. It has been asserted that the 
fraction of time devoted to experimental work, by heads 
of college departments, before reported, does not exactly, 
or even with fair approximation, measure the real divis- 
ion of effort given by these college and station employés 
to the two lines of work they have in charge, for the 
reason that college work is done on scheduled time while 
station work is prosecuted in broken periods, thus losing 
that continuity of thought and effort so indispensable in 
carrying on any scientific investigation. There is an ele- 
ment of truth in this assertion, but in it but one phase of 
the question is presented. I think it-can be affirmed that 
most scientific men who give instruction and make inves- 
tigations at the same time, as do the station and college 
workers now in mind, have a decided preference for the 
experimental side of the field upon which they bestow 
thought and effort. Their reports show a decided inclina- 
tion, on their part, to emphasize the importance of the sci- 
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entific and experimental investigations which they have 
under way and an evident desire to be released as much as 
possible from the cares and duties of the class-room. The 
tendency in the direction indicated is too strong to escape 
notice. It much more than counteracts any loss of experi- 
mental attainment by reason of periodic application to 
the work of instructing classes and supervising labora- 
tory exercises. 


If the station work is interrupted by calls upon inves- 
tigators to leave experiments in which they are interest- 
ingly and profitably engaged to give attention to the class 
demands of students, it is equally true that a call upon a 
professor, to whom classes are regularly assigned, to en- 
gage in any phase of experimental work that takes him 
from the institution in term time is a detriment to college 
instruction and discipline. Possibly all kinds of work feel 
the loss of uninterrupted effort, within limits, on the part 
of those engaged in them. It is sometimes, but not al- 
ways, true that a morning’s unbroken application to con- 
ducting an experiment or making an investigation will 
accomplish more in the way of satisfactory outcome than 
could be brought about by effort continued through di- 
vided periods of a total equal length. Change of work, 
if not too time wasting and thought dissipating, may not 
be unattended with good results. 

There is a closer connection between the scientific 
work of an agricultural college and the experimental work 
of the station connected with it than is usually supposed 
to exist. The one qualified to conduct experiments in 
agriculture ought to be one well fitted to give instruction 
to a class of students studying the subject. The scientific 
training that gives the chemist ability to analyze soils, 
waters, fertilizers, and food products makes him all the 
more serviceable in the class-room or laboratory in the 
presence of a body of students. The plan of articulating 
the work of the college and the station as closely as pos- 
sible is sound in theory and fairly satisfactory in practice. 
With more money and a larger corps of workers no diffi- 
culty would be found in keeping both college and station 
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work up to a high standard of excellence. The fact is. 
that we can not do the station work that ought to be done 
in a state like Colorado with the means at our disposal. 
Our station work, as now planned and executed, costs. 
more than the total of funds that are properly available 
for its prosecution. That our experimental work covers. 
as large and important field as it does is due to the fact, 
clearly, shown, that the college funds bear no inconsider- 
able part of the expense. 

Prior to the establishment of the Experiment Sta- 
tion, much work had been done by the college employés 
in the way of investigations and experiments designed to 
promote the agricultural interests of the State. There 
was no special fund provided for paying any part of the 
salaries of those engaged in this work or for meeting any 
other expenses connected with it. Instruction in the 
College and experimental work on the farm brought a 
cost that was met by drafts on the college funds. To-day, 
were the Government to withdraw its supporting hand 
from the Station, experimental work at the College would 
go on, because it is recognized that the agricultural, hor- 
ticultural, entomological, chemical, and irrigation depart- 
ments of the College must, under the law, not only pro- 
vide class instruction for students, but must seek and 
make known ways and means for rendering more effective 
and far-reaching every line of industry connected with 
agriculture. The bounty of the Government, as provided 
by the terms of the “Hatch Act,” enabled the college au- 
thorities to widen the bounds of the experimental work 
before in progress and make it more serviceable to the — 
people for whose benefit it was undertaken. : 

The Station work has grown in importance and 
amount; so has the work of the College. The expense of 
college management has increased but slightly of late 
years, while the number of students has more than trebled 
and increased facilities have been called for. A lessened 
college revenue from the State, owing to a material re- 
duction in the valuation of taxable property, now con- 
fronts us on the one hand, while on the other is seen the 


AGRICULTURAL EXPERIMENT STATION. 35 


pressing need of additions to buildings, equipments, and 
teaching force occasioned by a largely increased body of 
students. The teaching work of college instructors has 
grown because new classes have been formed without a 
corresponding increase in the teaching force. Every 
available dollar in the college funds is imperatively 
needed for college support. Any draft upon these funds 
for the extension and betterment of station work means 
the sacrifice of some of the necessary and legitimate work 
that the College is now doing. To weaken the college 
teaching force by requiring that portion of it now engaged 
in station work to devote more time and effort to investi- 
gations and experiments in agriculture would simply be 
to sacrifice one important interest to further another. 
Sub-station support has ever been a heavy drain on 
the experimental fund. At one time four sub-stations 
were in active operation. Even then it was planned to 
establish at least two more, and had the plan been car- 
ried out the whole United States fund would have been 
inadequate properly to provide for the maintenance of 
the sub-stations. <A timely cry of warning was heeded. 
The idea of trying to promote experimental work in ag- 
riculture by multiplying sub-station farms was aban- 
doned. There are those having wide and successful ex- 
perience in what may be termed scientific agriculture 
who do not hesitate to condemn, in unmistakable terms, 
the establishment of sub-station farms as a proper means 
of supplementing the experimental work planned and in 
progress at the college station. Without entering into 
a discussion of this question in this connection, I can 
affirm, what I have said in previous reports, that if it 
be thought advisable to have sub-stations in different 
parts of the State, the cost of their support ought not 
to come from either the United States experiment sta- 
tion fund or from any funds set apart by the Govern- 
ment or the State for the support of the College. The: 
question of government support to the sub-stations has 
been authoritatively settled. It has been ruled by those: 
whose province it is to pronounce judgment in the mat- 
ter, that no money received under the terms of the 
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“Hatch Act” can be legally used in meeting any expense 
connected with the establishment and operation of sub- 
stations. The language of the law is clear and unmis- 
takable and the ruling referred to is not the arbitrary 
expression of a little brief authority. 

The officials who control the management of the Col- 
lege and the Station connected therewith are not re- 
sponsible for the location of a number of sub-stations 
and their attachment, for support, to the home institu- 
tion and its treasury. These sub-stations are the prod- 
ucts of legislation prompted by local importunity. It 
was known that Congressional action had appropriated 
the sum of $15,000 per annum to be used in advancing 
the interests of agriculture in Colorado through experi- 
ment station work, and at once every section of the State 
felt that it was justly entitled to a share of this govern- 
ment bounty. It is to be doubted whether some of our 
legislators who voted to accept the conditions of the Con- 
gressional Act of 1887, had any clear understanding of 
their real import. To secure the establishment of a 
sub-station, in any locality where there was a demand 
for one, by legislative act was no difficult matter; for a 
strong and convincing argument in favor of such action 
was presented when it was shown that all necessary 
funds had been generously provided by the Government 
and that no financial support from the State would be 
required. In only one instance did the State meet any 
expense connected with the establishment of these sub- 
stations. The sum of $2,500 was appropriated in 1893 
to meet part of the expense of putting in operation the 
Rainbelt Station, at Cheyenne Wells. At no time has 
the State made any direct appropriation for the support 
either of the Home Station or the sub-stations located by 
legislative action. In so far as station work has been 
carried on at college cost, it has been a financial charge 
upon the State, but to no greater extent. 

When appropriations for sub-station support could 
not be secured from the State, and when it was clearly 
understood that no part of the “Hatch Act” fund was 
legally available for such support, the Board of Control 
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was in a position of anxiety and uncertainty as to the 
best course to pursue. Wholly to abandon sub-station 
operations was, in view of all the circumstances, not 
thought advisable; yet the necessity of doing something 
to reduce expenses at the sub-station farms was appar- 
ent. In the hope that the State could be induced later 
on to extend the management of the stations some finan- 
cial help, it was decided temporarily to give over active 
work at the Divide and San Luis Valley experiment sub- 
stations and to put the premises in charge of capable 
persons who would give them proper care and pay a 
nominal rental for their use. W. A. Debold has charge 
of the sub-station grounds and buildings, at Monument, 
for the use of which he pays $40 per annum. All sta- 
tion equipments were removed before he entered upon 
the premises as tenant. The station lands, buildings, 
and equipment at Monte Vista are now in charge of J. 
H. Stone under the terms of a lease which will expire 
March 1, 1899. The rent payments to be made before 
the expiration of the lease amount to $325. It will re- 
quire the whole of this sum to pay water-right rents and 
to make needed repairs on the station buildings. The 
inventory recently taken shows the value of the station 
equipment, used by the tenant in carrying on his farm 
work, to be $246.55. 

The larger part of the station lands at Rocky Ford 
has been leased and upon the remaining portion, about 
80 acres, scheduled farm and experimental work has 
been prosecuted successfully. The year’s work of this 
station was done at a cost to the experiment station fund 
of $1,586.16. The receipts from sales of farm products 
amounted to $411.28. The annual salary of the super- 
intendent, not included in the outlay above reported, was 
$800. 

The Rainbelt Station, at Cheyenne Wells, is in 
charge of J. E. Payne, as superintendent. The total 
expense of operating the station, for the year ending 
June 30, 1897, was $1,125.83. It will be seen, from the 
figures given, that the total cost of operating the Ar- 
kansas Valley and Rainbelt stations was $3,511.99. If 
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from this sum is taken the receipts from sales of farm 
products, amounting to $411.23, the remainder, $3,100.76, 
will show the net cost to the experiment station revenue 
of these two stations for the year reported. Thus it is 
seen that more than one-fifth of the money received from 
the Government for the support of an experiment station 
connected with the College is still used to sustain the two 
sub-stations where experimental work is yet under way. 

At the last biennial session of the State Legislature, 
bills making appropriations of money, modest in amount, 
for the support of the sub-stations, formerly established 
by legislative acts, were introduced and referred to ap- 
propriate committees. In each case an adverse report 
came from the committee to which such reference had 
been made. Explanation was given that the sub-sta- 
tions could be maintained at the expense of the college 
funds if authority forbade the use of the United States 
experiment fund for such purpose. 

One of these appropriation bills escaped the general 
slaughter in committee-room and came up, in innocent 
garb, for action in the House. The reputed author of 
the bill was Hon. T. G. Price, representing Kit Carson 
and Cheyenne counties, who pressed it to a final vote 
with successful result. The bill made an appropriation 
of $2,500 for the support of the Rainbelt Station at 
Cheyenne Wells. The money appropriated by the bill 
was not to come from the general revenue of the State, 
but from the Experiment Station funds already under 
the control of The State Board of Agriculture or any 
other funds, under the same control, that could be legally 
employed for such purpose. 

This inoffensive looking measure, divested of all 
verbiage, meant simply that if those in control of station 
work could not legally use the United States experiment 
fund to pay the running expenses of the sub-station at 
Cheyenne Wells they should be forced to meet them by 
drafts made upon the funds for college support. This 
measure went through both branches of the Legislature 
by a vote that must have been very flattering to the van- 
ity of its originators, but it met a well-merited veto when 
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it passed on to the consideration of Governor Adams. 
The veto was couched in terse language. It set forth 
the bad precedent that would be established were the bill 
to become a law. It was a convincing argument in favor 
of preserving the integrity of every fund set apart by 
past legislative wisdom, or by the endowment acts of 
Congress, for the support of The State Agricultural Col- 
lege. 

I desire to see every phase of station work made 
more effective and far-reaching, but not at the sacrifice 
of the educational opportunities offered the youth of the 
State by the College. If one sub-station can claim ex- 
istence at college cost, why not a dozen? One viola- 
tion of college financial rights would be speedily fol- 
lowed by another, and another, until nothing would be 
left to support more than a mere ghost of an educational 
institution; and, it must be confessed, that this condi- 
tion of things is just what some people would be pleased 
to see brought about. The fact is the agricultural col- 
lege is a new thing under the educational sun and many 
worthy, well-meaning people do not understand the ends 
sought to be attained by its establishment. There are 
many good people, not without a fair share of intelli- 
gence, who are firm in the belief that an agricultural col- 
lege should attempt nothing beyond experimental work 
in farming. One hears, with tiresome repetition, that 
the mission of an agricultural college is to teach agri- 
culture and, presumably, nothing else. Whatever one’s 
views may be, whatever his expressed wishes are, in re- 
gard to the lines of work proper for an agricultural col- 
lege to take up and work along, they count for little 
when weighed against the plainly worded provisions of 
the acts of Congress under which the land-grant colleges 
have become a popular and vital factor in our public 
educational system. 

The State having, by legislative action, accepted the 
provisions of the Congressional acts of 1862, 1887, and 
1890, and haying thereby been the recipient of govern- 
ment bounty to the extent of thousands of dollars, is not 
at liberty, in law or equity, to change the conditions 
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made operative years ago or to do anything to defeat the 
ends for the furtherance of which those conditions were 
proposed and, by pledged faith, formally accepted. 

It was not the thought of the friends of the “Hatch 
Act,” when that measure was before Congress, that the 
sum of fifteen thousand dollars annually would meet all 
the expenses of the experimental work necessary to be 
carried on in a state desirous of pushing its agricultural 
interests to the front. The government endowment of 
an agricultural and mechanical college in a state was 
not designed to relieve such state from all financial sup- 
port of the institution. The expectation was that the 
state would, in the case of both college and station, make 
liberal appropriations of money to aid in the more effic- 
ient prosecution of their work. The sum of $15,000 used 
in support of agricultural investigations of a scientific 
nature at a station in close touch with a land-grant éol- 
lege ought to secure results of high and lasting value. 
One station thus supported and located would become a 
potent factor in the advancement of scientific agricul- 
ture throughout the state. The students of the college, 
in whose immediate vicinity such work was in progress, 
would become imbued with the spirit of investigation 
and would find in the experiment station a means of 
further education for agricultural pursuits. 

The central idea of the “Hatch Act,” one well 
equipped, properly manned, and eligibly located experi- 
ment station in connection with the land-grant college, is 
too self-evidently sound to require elaborate defence. 
Whether or not the work of such station could be made 
far-reaching enough to cover the experimental needs in 
the fields of agriculture throughout the state would de- 
pend largely upon the size of the State, the nature of its 
soil, and the character of its land configurations. Colo- 
rado is a State of wide extent and of diversified topog- 
raphy. It presents as great diversity of soil and climate 
as do Ohio, Indiana, and Illinois combined, and a greater 
variation of topographical features. If three experiment 
stations are needed to work out agricultural problems in 
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the States named, a less number would hardly meet rea- 
sonable requirements in Colorado. While I believe that 
one experiment station of the right kind would do more 
for our agricultural interests than a half dozen sub-sta- 
tions such as we have heretofore kept in operation, I am 
of the opinion that there is pressing need of more agri- 
cultural experiment work in Colorado than can be carried 
on at a single station, however advantageously it may be 
located and however well its work may be planned and 
executed. 


The Government has provided financial support large 
enough in amount, under proper handling, to equip and 
operate a creditable station at the College. If other sta- 
tion work is a necessity, and I think it is, it should be 
provided solely at State expense. There is need, in the 
interest of scientific investigation, that the experimental 
workers in our Station Council have opportunity to visit 
other parts of the State more frequently. How they can 
do this under conditions existing at the College is a ques- 
tion that presents difficulties. I have already shown that 
the College is paying for scientific investigations con- 
nected with station work and that it is not financially in 
a situation to bear an additional burden of that kind. We 
must recognize facts as they exist, however much we may 
deplore them. Until the State can come to the financial 
support of the Station, it is not good policy to seek to ex- 
tend its work. We must learn to “cut the garment ac- 
cording to the cloth at hand.” Desirable as an extension 
of station work into new fields may be, we must resist 
the temptation from within and pressure from without to 
engage in it. A small area well cultivated, is the policy 
suggested to us by existing conditions. 

There is a choice of work that must be wisely made. 
With the loss of two sub-stations has come opportunity 
for some desirable concentration of experimental effort. 
The sub-stations yet in operation are in better condition 
than ever before. They are, under intelligent manage- 
ment, ceasing to be farms in the ordinary acceptation of 
the term, and are making a creditable showing of experi- 
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mental results of permanent value. The success of their 
management is no longer measured by the amount of 
farm sales reported. 

At the Home Station, the work, as I see it, is making 
steady progress in the right direction. The experimental 
investigations on the grounds and in the laboratories have 
been prosecuted earnestly and with effect. The bulletin 
matter, prepared and widely distributed within the year, 
covers almost three hundred closely printed pages. The 
working force of the Chemical and Entomological sec: 
tions has been strengthened. With new and ample quar- 
ters, soon to be available, the Chemical Section will be in 
condition to meet more fully than ever before the de- 
mands for analytic work, both from the other sections of 
station work and from others having just claims for such 
service. 

Two lines of special work are worthy. of mention. 
Irrigation investigations of practical value have been 
made in the San Luis Valley and elsewhere. The results 
of the irrigation survey of this valley, completed last sum- 
mer, will soon appear in bulletin form. The interest in 
sugar beet culture, manifested in different parts of the 
State, suggested an attempt to demonstrate, on a larger 
scale than ever before, the known adaptability of much of 
the soil of Colorado to the remunerative growing of sugar 
beets. Seeds were widely distributed and efforts made to 
secure their proper handling on the part of those under- 
taking to plant, cultivate, and render reports of results. 
The general result was far from discouraging, although it 
was not what those with high hopes had anticipated. It 
is now seen clearly that the best way to carry on such an 
experiment is to make careful selection of those to take 
part in it and then give their efforts some personal super- 
vision by one well fitted by training and experience for 
such office. 

The work of the new year will be entered upon with 
renewed earnestness and fidelity. Attempt will be made 
to give greater practical force to all experimental work 
which it is proper to undertake with the means at com- 
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mand. Quality will weigh more than quantity in the 
scales where the importance of station work is tested. In 
connection herewith I present for your consideration the 
reports of the members of the Station Council and those 
of the Superintendents of the sub-stations located at 
Rocky Ford and Cheyenne Wells. 


Respectfully submitted, 


ALSTON ELLIS, 
Director. 
FORT COLLINS, COLORADO, 
DECEMBER 8, 1897. 
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REPORT OF THE AGRICULTURAL SECTION. 


To the Executive Committee of The State Board of Agricul- 

ture: 

Gentlemen—Herewith, I have the honor to present 
the report of the Agricultural Section for the past year. 

In the report presented to you a year ago, mention 
was made of a bulletin on the “Birds of Colorado,” which 
was nearly completed. This was finished and issued last 
March as a volume of one hundred and forty-three pages— 
the largest bulletin yet issued by this Station. 


The call for it has already exhausted the edition. As 
a result of thus summarizing our present knowledge on 
the subject and making it accessible to the public, con- 
siderable interest has been awakened and a large amount 
of further material contributed. It is expected to issue 
this early in January as a supplement to the list. 


During the summer a bulletin was issued on “Bar- 
ley,” treating of the varieties, uses, and methods of cul- 
ture; also, summarizing the feeding experiments made at 
the College the previous three years on the feeding of 
barley to steers, sheep, and pigs. 


A large part of the energies of the Agricultural Sec- 
tion, the past season, has been devoted to the problem of 
Sugar beet culture in Colorado. It is an old subject for 
the State, but interest in it has lately increased and the 
time seemed opportune for making a strenuous effort to 
prove that Colorado could grow sugar beets of first-class. 


quality and that her people would grow the beets if any 
one would erect the necessary factory. 
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Through the kindness of the Hon. Secretary of Agri- 
culture, we were supplied with a large amount of beet 
seed for distribution, accompanied with mailing sacks 
and franks, so that the only expense to the College was 
the labor of sacking the seed and directing the packages. 
Seed was sent to six hundred and one persons, represent- 
ing all parts of the State. 


In connection with the Chemical Section, a bulletin 
was issued on the subject of “Sugar Beets” and sent to 
all those that received the seed. The general result is 
that sugar beets have received a more extensive trial than 
ever before in this State. 


At the same time several tests were made on the Col- 
lege farm by the Agricultural Section and an elaborate 
series of tests has been carried through by the Chemical - 
Section on a part of the College farm. Throughout the 
season the Chemical and Agricultural Sections have 
worked together at the sugar beet problem to their 
mutual benefit. 

When the crops were ripe enough for testing, a large 
number of samples were analyzed by the Chemical Sec- 
tion; also, some seventy-five samples were analyzed for 
us by the Department of Agriculture, at Washington. 


Much of this same kind of work has been done in 
previous years at the College, but this year the rule was 
made and enforced that no samples should be analyzed 
until we were supplied with full records of the planting, 
cultivation, irrigation, and harvesting of the beets. In 
this way the analysis has value because we have with it 
the full records of the conditions under which the beets 
were grown. It became evident very soon that even this 
was not sufficient, and the writer visited personally sey- 
eral towns and took samples of nearly forty different 
beet fields, at the same time making full notes of the 
surroundings and conditions. 

The net result of all this labor is, that the beet sugar 
problem is more complex than ever. It has served to 
show that the conditions of Colorado are not good 
enough to grow merchantable beets without the expend- 
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iture of considerable care and labor. It is also shown 
that even with the best of care there are several areas 
that can not raise beets with any profit. While thus 
circumscribing the area for future investigations, it has 
pointed out the need of extended experiments on a large 
scale and especially on a number of farms to determine 
the variety, the kind of seed, and the methods of caring 
for the crop that will produce the highest priced beets. 


In view of the fact that there is unlimited capital 
ready to build factories wherever it can be proved that 
the conditions are favorable, it seems advisable to con- 
tinue the investigations another season. 


I would suggest that three localities be selected in 
the Arkansas Valley and three in the valley of the South 
- Platte, and that in each of these a field of beets be grown 
under the direct supervision either of the Home Station 
or of the Superintendent of the Arkansas Valley Sub- 
Station for the purpose of making more exact tests om 
these points than could be gotten from the voluntary 
work such as has heretofore been employed. 


The results of the past season will be digested and 
presented the coming winter as a joint bulletin of the 
two sections. 

The experiments in stock-feeding have been contin- 
ued throughout the year. It was expected before this to: 
have a bulletin on “Pig Feeding;” but the material has 
not accumulated so fast as was expected and it may be 
several months before it will be in such shape that a 
satisfactory bulletin can be issued. 


Our experiments on the raising of early lambs have 
now been carried through two seasons. At the close of 
next spring’s work we shall consider the matter as suffic- 


lently tested and make our final report on the operations. 
of the three years. 


The results of last winter’s sheep feeding were highly 
satisfactory, both from the experimental and the com- 
mercial side. There are now about two hundred head of 
Sheep and lambs on the farm, and the tests arranged for 
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this winter have reference rather to the scientific side of 
the question than to the commercial. 

In connection with the Entomological Section, fur- 
ther experiments on the cure of sheep scab are being 
conducted. 

Respectfully submitted, 


W. W. COOKE, 


Agriculturist. 
FORT COLLINS, COLORADO, 


NOVEMBER 320, 1897. 


46 TENTH ANNUAL REPORT 


iture of considerable care and labor. It is also shown 
that even with the best of care there are several areas 
that can not raise beets with any profit. While thus 
circumscribing the area for future investigations, it has 
pointed out the need of extended experiments on a large 
scale and especially on a number of farms to determine 
the variety, the kind of seed, and the methods of caring 
for the crop that will produce the highest priced beets. 


In view of the fact that there is unlimited capital 
ready to build factories wherever it can be proved that 
the conditions are favorable, it seems advisable to con- 
tinue the investigations another season. 


I would suggest that three localities be selected in 
the Arkansas Valley and three in the valley of the South 
- Platte, and that in each of these a field of beets be grown 
under the direct supervision either of the Home Station. 
or of the Superintendent of the Arkansas Valley Sub- 
Station for the purpose of making more exact tests om 
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not accumulated so fast as was expected and it may be 
several months before it will be in such shape that a 
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Our experiments on the raising of early lambs have 
now been carried through two seasons. At the close of 
next spring’s work we shall consider the matter as suffic- 


lently tested and make our final report on the operations. 
of the three years. 


The results of last winter’s sheep feeding were highly 
satisfactory, both from the experimental and the com- 
mercial side. There are now about two hundred head of 
sheep and lambs on the farm, and the tests arranged for 
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this winter have reference rather to the scientific side of 
the question than to the commercial. 

In connection with the Entomological Section, fur- 
ther experiments on the cure of sheep scab are being’ 
conducted. 

Respectfully submitted, 


W. W. COOKE, 


Agriculturist.. 
FORT COLLINS, COLORADO, 


NOVEMBER 30, 1897. 
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REPORT OF THE HORTICULTURAL SECTION. 


To the Executive Committee of The State Board of Agricul- 
ture: 

Gentlemen—lI have the honor to submit the follow- 
ing report on the work of the Section of Botany and Hor- 
ticulture. 

The main effort of the section for the year has been 
in the direction of testing varieties of orchard and small 
fruits. 

In my report of one year ago this work was outlined, 
and lists of the varieties then under trial, with notes on 
their behavior as far as tested, were appended. Last 
spring, by purchase, and by gift from the Department of 
Agriculture, and from individuals, considerable addi- 
tions were made to the lists of varieties. 

The new apple orchard which was set in the spring 
of 1896 was in very poor condition last spring, and the 
percentage of dead trees was large. The injury inflicted 
by the scant supply of water during the summer of 1896 
was increased by the conditions that prevailed during 
the winter. The fall of rain or snow was very scant; 
there was no frost in the ground and evaporation from 
the trees was more rapid than the soil moisture could 


supply, hence a wilting of the tissues, and the final death 
of the tree. 


All vacancies were filled and a few rows have been 
added to the plantation. The number of trees set was 
344 and but few have been lost during the summer, al- 
though the water supply has again: been short. The 
number of varieties now represented is 170, and these 
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exhibit all degrees of value from excellent to very poor. 
In addition to the varieties in orchard we have a number 
of others represented by only one or two scions which 
were inserted as top grafts in old trees; these will be 
root-grafted during the winter. 

The vacancies occurring in the plum orchard were 
mainly confined to those varieties which from previous 
experience we had rated as tender for this region. These 
vacancies have been filled, and an addition of five rows 
has been made on the north side. The number of trees 
set was 267 and there are now represented 131 varieties, 
58 of which are new to the collection this season. Most 
of the varieties planted in the years 1894 and 1895 
flowered this year and 87 varieties matured fruit in suffic- 
ent quantity to afford a basis of comparison as to value. 
Careful notes have been kept during the season and it 
is proposed to arrange these for publication as soon as 
possible. 

The new strawberry bed set last. spring contains 42 
varieties not previously grown at the station, together 
with a number of varieties from the old bed which it 
is desired to test further and to compare with the new 
acquisitions. The seedlings resulting from the crosses 
made in 1896 have been given good culture through the 
season and will produce a crop next year that will en- 
able us to pass judgment upon their merits. Further 
crosses were made this season from which a large num- 
ber of seedlings have been secured. 

Of other small fruits we have added one new Goose- 
berry, one new Blackcap Raspberry, one new Blackberry, 
and four new Currants. 

The coéperative experiment with the Division of 
Forestry of the United States Department of Agricul- 
ture to test the relative hardiness of forest-tree seed- 
lings as grown from seeds produced in different sections 
of the country is under way. Owing to difficulties in 
securing seeds the department was unable to make the 
test as wide-reaching as was planned. The number of 
states contributing seeds for the test is, including Can- 
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ada, 23, and they represent sufficiently different climatic 
conditions to make the test an interesting one. 

The summer notes show some differences in vigor 
of growth and in the persistency with which the leaves 
were held after frost, but the interesting differences will 
be those that develop after the test of exposure to our 
winter conditions. Under advises from the department 
preparations are being made to extend this experiment: 
for the coming season. During the winter such time as 
could be spared from other work was given to the ar- 
rangement of the material collected for the flora of the 
state. Ninety pages of manuscript have been prepared, 
and I shall push the work as fast as I am able during the 
coming winter, but with the limited facilities at hand 
progress is slow. 

There are several interesting regions in the state 
concerning which we have no botanical information, and 
1 do not know that they have ever been visited by bot- 
anists. It would greatly facilitate the work in hand if 
opportunity were afforded for a visit to these places for 
the study of their flora. The desired information can 
only be obtained in this way, and is very essential to any 
treatment of the general botanical features of the state. 
That there is demand for information about native plants 
may be inferred from the department correspondence. 
The number of plants sent for naming, and the inquiries 
concerning plants are increasing every year. Attention 
to these demands requires care and a considerable por- 
tion of my time. The questions most frequently pro- 
pounded are with reference to forage plants and noxious 
weeds. 

The forage question is an important one, and a care- 
ful survey of the state with reference to the native 
grasses could profitably be made a strong feature of the 
work of the section. The problem of pasture and hay 
plants for the great park regions, and the relations of the 
native flora to the flora induced by the systems of irriga- 


tion in practice are matters of great practical as well as 
scientific interest and deserve study. 
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During the year about 2,000 specimens have been 
added to the herbarium by exchange. This work could 
easily be carried further were the time available for ar- 
ranging and sending out the plants of our list that are 
called for. Nearly all the work of this kind has been 
done in the evening, no other time being available. Sev- 
eral desirable offers of exchange we have been obliged 
to decline. 

The forestry experiments of this season offer more 
of encouragement than did those of 1896. The stock 
sent this station by the Forestry Division consisted of 
17,000 coniferous seedlings, 16,500 deciduous seedlings, 
and 5,500 cuttings. The coniferous stock was all planted 
in nursery; some species have done well, while others 
have entirely failed. The deciduous trees consisted of 
Aspen, Elm, Birch, Maple, Cherry, Box Elder, Honey 
Locust, Black Locust, and Mulberry; they were planted 
according to definite plans and, water being available at 
the time, the per cent. of loss was small. Most of the 
stock made a fair growth and the plats presented a 
creditable appearance through the summer. 


Respectfully submitted, 


C. 8S. CRANDALL, 


Botanist and Horticulturist. 


FORT COLLINS, COLORADO, 
NOVEMBER 30, 1897. 
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REPORT OF THE CHEMICAL SECTION. 


To the Executive Committee of The State Board of Agricul- 
ture: 

Gentlemen—I herewith transmit a statement of the 
work completed during the year, and now in hand, by 
the Chemical Department of the Experiment Station at 
The State Agricultural College. 

At the beginning of the twelve months just closing, 
we were engaged upon a study of alfalfa hay. This 
work has been recorded in Bulletin No. 39, which is in- 
dependent of and at the same time supplemental to 
Bulletin No. 35. While the study as recorded in Bulle- 
tin No. 39 is complete in itself, there are some questions 
of great interest, related to the chemistry of fodders and 
their digestion, which are only mooted or barely sug- 
gested. I hope at some future time, not very remote, to 
be able to take up this same study on a wider basis with 
the aid of animal digestion. So far as I am aware no 
other station has, as yet taken up this line of work, but 
the chemists are working in this direction, trying to per- 
fect methods of investigation so that similar studies 
may be expected to appear with no great delay. 

We have a larger amount of incompleted work on 
hand than at any other time during my incumbency. 

While I do not see when the work will take definite 
Shape for publication, I am trying as opportunity offers, 
to obtain as much information relative to the waters of 
the State as I can, with the ultimate object of using it 
in a study of the chemistry of irrigation waters. To this 
end we have examined during the year various tea 
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and other waters. The number of artesian waters sub- 
mitted to complete analysis was nine; of river waters, 
six; of spring waters, four; of well waters, nineteen, mak- 
ing a total of thirty-eight waters submitted to complete 
mineral analysis. Partial analysis of forty Ha waters 
has also been made during the year. 


The systematic station work being carried on at the 
present time is a soil study, which is being made on that 
portion of the College Farm formerly used by Prof. Cran- 
dall for forestry experiments but subsequently aban- 
doned. This work invoives the growing of crops on the 
soil; the making of analyses of the soil; the study of the 
soil water, and a thorough chemical study of the crop 
grown. The crop chosen for this year was sugar beets, 
four varieties, and of other beets, two varieties. The 
labor entailed by this experiment has proven to be al- 
most beyond our ability to perform and it is doubtful 
whether we shall be able to get this year’s work com- 
pleted before it is time to begin the field work in the 
spring. It is our purpose to continue this study for an- 
other year, at least, and perhaps for several years if the 
Committee approves of it. 


We have received a considerable number of sugar 
beets, during the fall months, for sugar determinations. 
The total number of sugar determinations made from 
September ist, to date, is one hundred and eighty-two. 
The highest percentage obtained was 17.5. The samples 
received early in the season were uniformly low but 
later they improved in quality and showed, as a rule, a 
remunerative quantity of sugar to be present; also, an 
increase of the coéfficient of purity to such an extent 
that nearly all of the later samples were marketable 
beets. 

The public continues to make occasional calls for 
analytical work. We try to accommodate such parties, 
as far as we can, but our own work is, as a rule, given 
precedence, especially as the analyses requested have no 
general interest and no permanent value. 
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There is no new line of work which I wish to take 
up at present or during the coming year. I wish in 
closing, gratefully. to acknowledge the support and in- 
terest of the administration and Board. 


Respectfully submitted, 


WM. P. HEADDEN, 


Chemist. 
FORT COLLINS, COLORADO, 


NOVEMBER 30, 1897. 
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REPORT OF THE ENTOMOLOGICAL SECTION. °* 


To the Executive Committee of The State Board of Agricul- 
ture: 
Gentlemen—I have the honor to submit herewith 
the following report from the Entomological Section of 
the Agricultural Experiment Station for the year 1897. 


EXPERIMENTAL WORK. 


The experimentation for the year has been in accord- 
ance with the outline adopted for this section. The work 
undertaken for the purpose of determining the habits 
and life histories of cut-worm and other night-flying 
moths was given much attention and a large amount of 
valuable information gained. I hope to be able to con- 
tinue the work for several years to come. I sent a paper 
to the Detroit meeting of the Society for the Promotion 
of Agricultural Science, which convened last August, 
giving the more important data obtained in this work. 
Some of the conclusions to be drawn from the work are 
the following: 

As a rule, male and female moths fly to light or 
sugar in about equal numbers. 

Males fly for a few days, sometimes fully a week, 
before the females of the same species. 

The females are captured more freely before deposit- 
ing eggs, as is proven by the fact that the large majority 
of those taken have their ovaries well filled. The idea, 
that moths that fly to light and sugar are mostly males, 
and females that have deposited their eggs, is, therefore, 
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incorrect and any plan that is successful in capturing 
and destroying moths at light or sugar will lessen the 
number of caterpillars that they would produce. 
Considerable data has been collected, also, in re- 
gard to the value of different remedies for the destruc- 
tion of the Codling Moth, but it will be best to have the 
experiences of another year before announcing definite 
conclusions on portions of the work. From the experi- 
ments already conducted, it is evident that the use of 
bandages for the destruction of the larvae can be made 
of great service, and that the protection gained from the 
destruction of fallen wormy fruit is but slight. 


Several species of plant lice were unusually abund- 
ant on fruit and shade trees the past summer, and consid- 
erable attention was given to the testing of the various 
insecticides for their destruction, and important infor- 
mation gained for future bulletins. 

During last winter and spring a large amount of 
experimental work was carried on for the purpose of de- 
termining the habits of the sheep scab-mite and the rem- 
edies best suited for its destruction. The results of 
those experiments were published in Bulletin No. 38. 

Experiments in the Apiary have been continued and 
a portion of the results made public in a paper read be- 
fore the Society for the Promotion of Agricultural 
Science meeting at Detroit, Mich., last August, and en- 
titled “Weights of Bees and the Loads they Carry.” 


NOTES ON INJURIOUS INSECTS. 


The Peach Twig-Rorer and Fruit-Worm (Anarsia lin- 
eatella.\—For the past two or three years complaints 
have come from growers of peaches, on the western 
slope, of a small worm that eats into and injures or de- 
stroys the fruit. On the 7th of last May, I received three 
packages and as many letters from parties in western 
Colorado, reporting serious injuries to young shoots of 
peach, plum, apricot, and almond trees, by a small worm 
which burrowed into them. The letters were from Mr. 
A. V. Sharpe, Horticultural Inspector of Montrose 
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county; Mr. B. C. Oyler, former inspector of the same 
county, and Mr. W. M. Hastings, of Delta. Mr. Hastings 
has written me a number of letters during the past three 
years concerning a worm that burrows into his peaches, 
but this year was the first that any one has complained 
to me of injuries to the twigs of the trees. I advised 
Mr. McGinty, Horticultural Inspector for Delta county, 
to try bandaging some of the worst infested trees to see 
if the larve could be captured in that way. He after- 
ward sent me a quantity of pupz obtained in this man- 
ner. From what Mr. McGinty wrote me it would seem 
probable that this method could be used profitably for 
the destruction of this pest. 


This insect has long been knewn as an occasional 
pest of considerable importance in the peach orchards of 
the eastern states and of California. A paper by Prof. 
A. B. Cordley, of the Oregon Experiment Station, read 
before the Association of Economic Entomologists last 
August, at Detroit, Mich., treats of observations upon 
this insect last year (1896) in Oregon, where it was found 
to spend the winter in the crowns of strawberry plants, 
in the larval state, where the last brood in the fall bur- 
rows. Putting the above observations together, it 
would seem probable that the first brood in the spring 
burrows in the tender, growing shoots of peach, plum, 
apricot, and almond; the second in the fruit of the peach; 
and the third, or fall brood, in the crowns of strawberry 
plants. The larve are also known to infest strawberry 
plants in the eastern United States. The larve are 
very active when disturbed, are dark brown in color, 
almost black at either end, and measure about one-third 
of an inch in length when fully grown. 


The pup sent from Delta county by Mr. McGinty, 
began hatching into nroths freely on the first of June. 
Peaches received from Mr. Hastings, on July 28th, had 
the worms only about one-eighth of an inch in length and 
differing from the mature ones in being much lighter in 
color. 
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It is probable that Paris green or London purple may 
be applied profitably to the trees in the spring when the 
young shoots are just starting. 

The Strawberry Leaf-Roller (Phoxopteris comptana.)— 
This is one of the worst strawberry pests in the states 
east of Colorado, and I found it to be injuriously abun- 
dant at Rocky Ford the past summer, where my attention 
was called to its work by Mr. W. Frank Crowley, Super- 
intendent of the Experiment Station at that place. Mr. 
Crowley said that in some patches in that vicinity the 
damage from this insect had been considerable. The 
larvee are brown in color, quite slender, measure about 
one-half inch in length and live in folds of the leaves. 
Spraying the plants with Paris green after the crop is 
gathered will destroy many of the larvae. The last brood 
is sometimes killed by spreading straw over the patch 
and setting fire to it. 

The Oak Carpenter-Worm (Prionoxistus robiniw.)—This 
insect is fast becoming a destructive borer of the cotton- 
wood trees in this State. It occurs both sides of the 
Range, but as far as I have been able to observe, it is 
more abundant on the eastern side. In Denver and Fort 
Collins, I have noticed in particular that the cottonwood 
trees are badly bored and many are dying as the result. 
It is doubtful if we know a practical remedy for this in- 
sect, and there are some who would rejoice if it would 
destroy all the cottonwoods. I believe driving wooden 
plugs tightly into the burrows of the insect, as soon as 
its presence is indicated by the castings that it works 
out upon the surface of the bark, will be as efficient and 
easily applied method as any we now know to lessen its 
numbers. The females fly quite freely to lights, and in 
town where are electric lights are used in the streets, 
large numbers of females must be destroyed before depos- 
iting their eggs. 

Plant Lice—The past season has been a remarkable 
one in Colorado for the appearance of certain plant lice in 
unusual numbers. The one that attracted most attention 
was a green louse (Hyalopterus pruni.) upon plums. It 
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attacked both American and European varieties, but as 
_ far as their work came under my notice, they were most 
abundant upon the former. Many trees that set a full 
crop of fruit dropped it all, and most of their leaves as 
well, as a result of the attacks of these lice, which liter- 
ally covered leaves, twigs, and fruit. They remained 
through the entire summer but were held in check late in 
the season by the friendly Lady Beetles and Syrphus 
larvee, chiefly the latter, which preyed upon them in great 
numbers. 

Black lice upon plum and cherry trees were also 
quite abundant late in the summer, and the Apple Aphis 
(Aphis mali.) rolled the leaves of apple trees worse than I 
have known it to do before in this State. Particularly is 
this true of orchards about Cafion City in the month of 
August. 

The Elm Aphis (Schizonewra americana.) which gnarls 
the leaves of the small twigs near the trunk into un- 
sightly clusters, was also the most abundant that I have 
ever seen it. 

For the lice upon the fruit trees we found kerosene 
emulsion of the ordinary strength and whale-oil soap, in 
the proportion of 1 pound to 8 gallons, thoroughly applied, 
to be very effectual remedies. For the Elm Aphis, thor- 
ough pruning away and burning the first leaf clusters 
should be practiced. Sprays are ineffectual on account of 
the protection which the leaves give the lice. 

The Cottony Maple Scale (Pulvinaria innumerabilis.) is 
sufficiently abundant to call forth inquiry every year, but 
it became unusually numerous on soft maples in portions 
of Denver last summer. Trees about the court-house 
grounds were so badly infested that some seemed to be 
in a dying condition as the result. While examining the 
trees, a by-stander asked “What is the matter with the 
trees? The limbs look as though they had been covered 
with popcorn,” and it would be difficult to describe their 
appearance better. The janitor in charge of the grounds, 
removed the greater portion of the scales by means of a 
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hose early in the morning when there was a strong pres- 
sure of water. 

The Harlequin Cabbage Bug (Murgantia histronica.) 
was reported to the Experiment Station for the first time, 
the past summer. Specimens were sent from Kit Carson 
county, where they were said to be doing serious harm to 
turnips and cabbages. 

Mediterranean Flour Moth (Ephestia kwhniella.), which 
has caused so much trouble in flouring mills, has been 
sent to. me as a bad pest in honey houses, where it is 
troublesome on account of its attacking empty honey 
combs. I have not known it to infest bee hives in com- 
pany with the bees, but I have seen combs badly riddled 
where they had been stored away with pollen in the cells. 
The larve are not wax-feeders, but pollen-feeders. 


Bee Paralysis. For some years past bee-keepers east 
of Denver have lost large numbers of colonies of bees © 
nearly every spring from a mysterious disease, the cause 
of which no one has been able to determine. On the 18th 
of May, last, I received a letter from Mr. Frank Rauch- 
fuss, who, the previous year, lost the greater portion of 
his bees in a few days. He stated that paralysis was 
breaking out among his bees again and wanted to know 
if 1 could investigate the matter. A few days later I went 
to the home of Mr. Rauchfuss with a compound micro- 
scope and other necessary appliances to make a careful 
study of the alimentary canals of the bees, hoping to find 
the cause of the malady. On arriving I found that the 
disease had subsided so that it was with difficulty that 
any bees could be found exhibiting the characteristic 
symptoms. A few were found, however, and an examina- 
tion showed that in each case the alimentary canal con- 
tained large numbers of minute vegetable organisms that 
were, to all appearances, the spores of some fungus or 
rust. In healthy bees few or none of these spore-like bod- 
a pa oa of material to work upon, 

igatic ot be continued, so we have only 
a suggestion that possibly the disease is due to the bees 
gathering and eating the spores of some fungus (rust or 
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smut) that appears upon certain plants at certain times, 
perhaps just after a rain when the atmosphere is warm 
and moist. I mention the matter, hoping that those who 
keep bees and have this disease among them in the future, 
will send me specimens by mail for examination, and will 
also closely observe from what source the bees seem to 
be gathering their polien. 


BULLETINS. 


Bulletin No. 38, giving the results of experiments 
with scab in sheep, was issued from this section last April. 
I now have nearly ready for the printer, material for a 
short technical bulletin describing several new Hemiptera 
from the State, and giving such notes and records as have 
accumulated in the department from the capture of but- 
terflies and moths within the State, or from rearing the 
same from larve or eggs. Work has been commenced, 
also, upon an economic bulletin in which it is my inten- 
tion to give information in regard to the habits and rem- 
edies of those insects that are most injurious within the 
State. 

Respectfully submitted, 


C. P. GILLETTE, 
Entomologist. 
FORT COLLINS, COLORADO, 
NOVEMBER 30, 1897. 
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REPORT OF THE SECTION OF METEOROLOGY AND 
IRRIGATION ENGINEERING. 


To the Executive Committee of The State Board of Agricul- 
ture: 


Gentlemen—I have the honor to submit the follow- 
ing report of the Section of Meteorology and Irrigation 
Engineering for the past year. 

Measurements to determine the increase of rivers 
from return waters from irrigation were made again in 
1896 on the Rio Grande, the Cache a la Poudre, and the 
’ South Platte rivers; and in 1897, on the Big Thompson 
and its tributary, the Little Thompson, the Rio Grande, 
and the Cache a la Poudre. Measurements on the Ar- 
kansas river are now in progress. These measurements 
are made essentially in the same way. The river is meas- 
ured at some point above the ditches. All the water be- 
ing taken from the river is measured, and also the water. 
running into the river from natural sources. If, then, to 
the amount of water found in the river the inflow be 
added and the amount taken out of the river be sub- 
tracted, we have a remainder which would indicate the 
amount of water left in the stream. Instead, we find in 
most cases that the river is much larger than this differ- 
ence would indicate. In other words that the stream is 
gaining constantly from many sources, and that many 
times the gain in the stream becomes of immense import- 
ance to the agricultural community of some localities. 
As the agriculture of the State depends upon irrigation 
almost entirely, and as the water supply isa liming one, 
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the determination of the amount of water that may thus 
return to the streams, the distribution of this water and 
the loss which affects it, is one of the questions funda- 
mental in our Colorado agriculture. The measurements 
reported in Bulletin No. 33 gave pretty clear evidence that 
the increase came from the water which was applied in 
irrigation, and that about one cubic foot per second was 
supplied by from 400 to 1,000 acres of irrigated land. The 
measurements since made have served, in a general way, 
to strengthen these and other conclusions given in that 
bulletin. Besides the measurements on the Cache a la 
Poudre and the Platte, determination was made of the 
water in the Rio Grande as well, both in 1896 and 1897. 
The comparisons of the measurements in 1896 indicate 
some unusual results which might be disturbing in their 
conclusions, so therefore, I hesitated to report them until 
confirmed by the measurements of 1897. The results of 
these measurements indicate that in the case of the Rio 
Grande the return of water to the river is small. They 
also clearly show that, for a portion of its length, the Rio 
Grande is losing a large amount of water from its bed, 
leaking most probably into the surrounding country. The 
loss in ten miles amounts to from 75 to 100 cubic feet per 
second, which under their conditions would have a market 
value of $40,000 to $50,000. If the water could be saved 
by storage, or if it had the value of water in the older 
communities of the State, this water would represent 
some $200,000 or more. The magnitude of this loss leads 
to the consideration of some means of saving this water at 
a cost which would warrant the work by the canals which 
could use the water thus saved. It may be added, that 
the measurements made on the Poudre and on the Platte 
have indicated losses in certain portions of their length, 
losses which were attributed partly to changes in the 
stream or to the necessary inaccuracy of measurement. 
The subsequent measurements continue to show such 
losses and also indicate that these losses are generally in 
certain stretches of the river. In the case of these. two 
streams, the Cache a la Poudre and the Platte, the losses 
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are not great enough to justify means for saving the 
water. In the case of the Rio Grande the loss is greater: 
so much so that some method of saving the water may 
possibly be profitably undertaken. 

Seepage measurements were also made upon the Big 
Thompson, from the cafion 12 or 15 miles west of Love- 
land, to its mouth at the South Platte river, a distance 
of thirty miles. The Big Thompson valley is one of the 
oldest irrigated sections of the State, with a large area 
under cultivation and a prosperous farming community. 
Its water shed, though small, has an unusual proportion 
of elevated mountain area, extending to over 14,000 feet 
in elevation, and as it has a northern exposure, the stream 
is one of the best of the irrigation streams. The demand 
for water on this, as on other streams, is in excess of the 
supply, and force of circumstances brings great pressure 
to husband their supplies. The Little Thompson is a 
tributary of the Big Thompson and the community along 
it is mostly supplied by water from canals from the larger 
stream. To determine the total return from the lands irri- 
gated by the waters of the Big Thompson, it was there- 
fore necessary to measure the small as well as the larger 
stream. The determination was undertaken in Novem- 
ber, when most of the ditches were carrying a small 
amount of water. The measurement shows a gain of 70 
cubic feet per second in these streams, the water return- 
ing from that applied in irrigation. As the river left the 
mountains with less than 15 cubic feet per second, it will 
be seen that at this time, over six times as much water 
was taken from the stream as came from the mountains. 
And this is in addition to the supply from one or two 
natural tributaries. 

Measurements to determine the gain or loss from 
seepage on the Arkansas river are in progress at this date, 
(Noy. 22.) and the results can not yet be given. A begin- 
ning was made in the month of October, but a heavy 
ey ea Ret gles ariel and these 
storm is not only to raise the tri i Sune i wate r 

: als ibutaries,—which in the 
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case of the Arkansas, have immense drainage areas,—and 
cause the river to fluctuate, but affects the inflow of seep- 
age in the ground. The water shed of the Arkansas rises 
in both directions from the river, and storms which yield 
rain at the river may leave snow on the divides, a couple 
of thousand feet higher, so that the river may not be ina 
stable condition for a week or more. A peculiar condition 
of the Arkansas basin depends on the fact that the strata 
underneath the valley bed dips to the north and away 
from the river. Whether this will affect the seepage is 
yet to be determined, but it indicates the possibility that 
seepage from the ditches on the north side of the river 
may not return to the river. If such be found to be the 
fact, it will introduce some important questions into the 
agriculture of that valley. 

I am glad that we have been able to undertake this 
investigation, for I think no single one will be more im- 
portant in its effect on the interests of many people and 
on the prosperity of a larger region than this. This fer- 
tile valley is so well adapted to fruit and valuable crops, 
and the demand for water will be so great, that there is 
sure to be much bitterly contested litigation, a burden 
upon the agriculture of this valley. The facts determined 
by such an investigation will serve, I trust, to establish a 
basis for comparison in future years, will serve to quiet 
some apprehension and to forestall some of the litigation 
which is bound to come. Our measurements will not 
only be immediately serviceable, but will be increasingly 
valuable in the years to come. While there are many 
questions which we can take up with profit, and that are 
perhaps of greater immediate service, yet I think that no 
one can study the development of the irrigation in older 
countries like Spain, or Italy or France, without being im- 
pressed with the amount of litigation which has attended 
the development of irrigation and been a burden upon the 
agricultural interests. Much of this litigation has been 
upon questions which were capable of settlement by in- 
vestigation, but have been blindly settled by uncertain 
testimony. Much of such litigation could have been saved 
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either by wise legislation or by a full knowledge of the 
tendencies of irrigation and of various physical facts 
which could be learned only by investigation. It would 
seem a part of wisdom for any institution similar to this, 
to attempt to determine some of these questions and fore- 
stall much protracted and costly disputes which the ex- 
perience of other countries has shown will inevitably 
come, and it would seem that in no single way can we give 
more lasting benefit to our State and its agricultural in- 
terests. 

The measurements referred to have shown the in- 
crease in various streams from the water applied in ir- 
rigation. These gains must evidently be connected with 
the losses from canals and the water absorbed in the pro- 
cess of irrigation, and therefore measurements of the 
losses from canals and absorption of water applied to 
crops should give a check upon the gains found in irri- 
gation streams as well as be of importance in their ap- 
plication to the determination of the amount of water 
needed by crops. The past year has been the first when 
we have been able to make other than occasional meas- 
ures of the losses from canals. To do this the plan 
adopted was essentially the same as that used in deter- 
mining the seepage gains or losses in streams. Some 
seventy miles of canal line have been measured during 
the course of a year and with other measurements. pro- 
visionally made, we have the results of something over 
one hundred miles to report. They show in brief that 
in some cases the losses from canals may be excessive 
and in fact indicate that there are many cases where it 
would be profitable for a canal to take measures to pre- 
serve the water which is now lost in its carriage. These 
losses have generally been considered as necessary to 
the transportation and distribution of water. While 
true to a certain extent, beyond a moderate extent it is 
not the case. The seepage from the canals is a pure loss 
to the canal and by so much lessens its productive ca- 
pacity, for with intelligent use the crop value of the 
canal is in proportion to the amount of water it can fur- 
nish. We have found different canals in which the loss 
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has varied from a depth of one foot in twenty-four hours 
over the canal surface to a depth of over twenty feet in 
the same time. The average loss from canals in good 
condition may be put provisionally at two feet in twenty- 
four hours. Some study has been given to methods of 
preventing such losses, but experiments on a larger scale 
are desirable. 

In line with these investigations mentioned, obser- 
vations have been made for the past two winters to de- 
termine the amount of losses involved in the storage of 
waters in reservoirs. For this purpose measurements 
were made in a number of reservoirs situated within ten 
or fifteen miles of this place. Bench marks were es- 
tablished in the fall and the elevation of the water sur- 
face found with reference to a fixed point. At intervals 
of two weeks or a month, the lakes were visited and the 
elevation of the water surface again determined. After 
allowing for the rainfall which was assumed to be the 
same as that at Fort Collins, the difference was taken 
to be the loss from evaporation and seepage. And using 
the evaporation given by our observations at the College, 
we obtained an indication of the amount of loss. 

A number of reservoirs which were selected as sub- 
jects for observations, were partly filled during the win- 
ter so that our observations were not successful on all. 
The losses from seepage as found were less than antic- 
ipated, and may be averaged at two feet for the year 
from the lakes whose measurements were not disturbed. 
In a few cases it was found that the seepage flowing into 
the reservoir was sufficient to make up for the loss from 
the reservoir. 

The evaporation from reservoirs has been the sub- 
ject for investigation for some time. In this case also 
there are many difficulties to overcome and as the reser- 
voirs are situated at some distance so that they can be 
seen only once or twice per week, accidents to the evap- 
oration tanks cause a loss of the record for a week or 
more. Evaporation tanks were placed in three reser- 
voirs during 1897: Lee’s lake, Loomis lake and Claymore 
lake, being selected because each had a boat and were 
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convenient of access. The observations have not been 
completely reduced for the season at this date, but it 
is clearly evident that the evaporation is over one-half 
greater than from our standard evaporation tank placed 
in the instrument enclosure on the College grounds. 
The previous observations of evaporation on the stand- 
ard tank have shown that the annual amount averages 
41 inches. In the reservoirs under observation the tem- 
perature of the water is greater than in the tank in our 
instrument plat, and the wind has freer action. During 
the winter season when covered with ice the evaporation 
is about one inch per month. 


The expense of the seepage measurements has been 
small. In the fall of 1896 the measurement was under- 
taken at a time when I was ill. The expense included 
the service and subsistence of three or four persons and 
the use of team and camping outfit for two weeks. Our 
portion of the expense which was to be one-half, was less 
than $40.00. The occasion for the small expense was be- 
cause we have some young graduates who desire experi- 
ence in this line, willing to devote their time and sery- 
ice at my request, in carrying through such an in- 
vestigation. The weather in November was anything 
but pleasant and the temperature below freezing. The 
expense of the investigation being carried on in the Ar- 
kansas valley has been much reduced by the aid given 
by the different canals and the different water districts 
of the valley. The water commissioners and the water 
superintendents and the canals have freely given of their 
time, have furnished transportation and have aided 
wherever possible, so that the actual outlay required has 
been small compared with the expense that would other- 
wise be required. 

Records of the amount of water being furnished by 
the Cache a la Poudre river were continued throughout 
the year. This was done by the use of a self-register- 
ing instrument placed at the point where the river flows 
out of the mountains and above all ditches, save one 
small ditch. The instrument records the rise and fall of 
the water on a sheet of paper which is turned by clock- 
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work so that the record of the week is given on each 
sheet. The clock-work requires winding each week. To 
do this has involved a trip to the cation, fourteen miles, 
weekly, to change papers, to wind the clock-work and to 
obtain check readings of the height of water. The 
Cache a la Poudre is one of the most important streams 
in the State and one of those best deserving of study, not 
only because of the magnitude of interests depending 
upon it, but because it is typical of the irrigation streams 
of Colorado. We have found by comparison that periods 
of high and low water are closely followed by the other 
streams in the State, and in fact that the day of highest 
water in this stream, is often the day of high water in 
the others. We have in addition a record of this stream 
since 1884. The first few years it was taken by the State 
Engineer’s office, the rating flume being put in by the 
water district, by an assessment on the ditches, at a 
cost of some $1,500. At atime when the State Engineer 
proposed to drop the measurement, we assumed the bur- 
den and have maintained the work since 1890, and have 
the records which have mostly been automatic since 
1884, with the exception of a portion of two years when 
the Geological Survey attempted to keep the records. 
I have furnished weekly bulletins of the river for the 
past few years to the local press, so that the irrigation 
interests should know something of the stage of water 
and of the probable changes to be expected. The bulle- 
tins were multiplied by neostyle apparatus, until this 
year when the Fort Collins Courier kindly offered to 
print slips sufficient to supply the list. The only ex- 
pense has therefore been that of postage. The reports 
seem to have been appreciated, for on proposing to drop 
them last year, immediate requests arose for their con- 
tinuance. The weekly circulation given to them was 
not less than 15,000; some bulletins were widely printed 
and had as many as 100,000 to 130,000 impressions, and 
while intended for local use were used by papers in all 
parts of the State. ( 

We have in place an automatic register with which 
we experimented for one season in attempting to de- 
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termine its value as a means of recording the rise and 
fall of the water at considerable distances. To do this 
required a special wire from this point to the cafon, 
twelve or fourteen miles away. A telephone line runs 
nearly to that point at present. The ditches interested 
bore the expense of putting up the wire. It was placed 
on the same poles as the telephone wire, but having been 
strung by other parties, the wire was made at a differ- 
ent tension from the other and continual trouble was 
found from crossing of the wires to.come in contact, so 
that the line was really not in good order throughout the 


Season. We obtained enough days when the lines did 
not interfere to show that if the line were well con- 
structed with strong poles and free from interference 
from the telephone line that the record would be good. 
The value of such a record to the agricultural interests 
in many parts of the State is evident to one who is ac- 
quainted with the character of the streams and the im- 
portance to our agriculture of using all the water avail- 
able. As such streams are subject to sudden rises, un- 
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less timely information is obtained, these rises may pass 
by the heads of ditches without being used. 

The instrument consisted of two parts, the trans- 
mitter shown in figure 1, and the recorder shown in figure 
2. A battery is placed at the point of transmission and 
a float, so that as the water rises or falls the wheel shown 
in figure 1, is caused to turn. Whenever the rise 
amounts to a fraction of an inch an electrical current is 
sent which acts on the recorder at the other end of 
the line, and causes it to change correspondingly. Sey- 
eral ingenious devices are used so that whether the 
water falls or rises the recorder will rise or fall corre- 
spondingly, although but one wire is used. 

As the line connecting us with the cafon was not 
put in condition to make the experiment a success, we 
have not done anything with the instrument the past 
year. 

In connection with the river records, we have main- 
tained for several years rainfall stations at various 
places in the mountains, furnishing to observers rain 
gages, and in a few places, thermometers, on condition 
that they furnish us with the record. The water shed 
of the Cache a la Poudre stream rises from an elevation 
of 5,000 feet at Fort Collins, to an elevation of nearly 
14,000 feet at the western portion. Very little per- 
manent settlement exists above an elevation of 8,500 
feet. It has been difficult to obtain records from high 
elevations, although of considerable importance because 
this is the source of the water supply for most of the ir- 
rigated lands. Where we have learned of persons re- 
maining at a higher elevation throughout the winter sea- 
son, I have attempted to make arrangements with them 
to make observations during the winter. This has been 
found to be unsatisfactory, for most of those who are liv- 
ing at a high elevation during the winter, do not care 
to take the pains required by such work, and the obser- 
vations are apt to be broken and discontinuous. 


I am led to think that it would be possible by a series 
of observations during the winter season at intervals of 
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say a fortnight or a month, to obtain at a relatively small 
expense pretty reliable indications of the supply of water 
for the next agricultural season. In some years such in- 
dications would necessarily be at fault. But records of 
such type would be of considerable value. The way that 
such could be taken would be to send some one with in- 
structions to measure the amount of snow fall, to deter- 
mine the compactness of the snow at certain specified. 
points at different elevations throughout the winter. It 
would not take long to determine facts sufficient to ren- 
der it pretty certain what the amount of water during 
the succeeding season would be: also to indicate whether 
the water would come early in the season or late, and thus 
give some indication as to the character of crops which 
the community could plant. Such information is eagerly 
sought for by farmers throughout Colorado and upon the 
information which they thus receive, unreliable and un- 
systematic as it is, they to some extent depend for indica- 
tions as to the crops to plant for the succeeding year. In 
some cases ditch companies have sent men into the mount- 
ains to obtain information of this character. 


In comparing the temperature records at some of the 
mountain stations with the river records, we notice the 
connection between the warm weather in the mountains 
and the rise and fall of the river. Usually the river at the 
cafion responds to the change in temperature in about two 
days. The river is subject to a large tide during the sum- 
mer season when supplied mostly from melting snow, and 
the fluctuation in the amount adds to the difficulties in 
equitable distribution. 


We have continued through the year a maintenance 
of records of the amount of water used on certain farms 
in the vicinity, keeping the record on the farms on which 
we have had a record for some years past. It is mani- 
festly desirable in determining the amount of water that 
is used to take a series of years into account rather than 
a Single one. As we have not had fields where we could 
control either the methods of cultivation or the methods 
of irrigation, we have had to take such opportunities as 
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could be given us by the owners, and such therefore as 
we could use without disturbance of their ordinary meth- 
ods of cultivation. The only thing for us to do was to test 
the amount of water used under their system of cultiva- 
tion. It is desirable to extend this series of investigation 
by testing the amount of water required in different 
methods of cultivation and under different systems of ir- 
rigation. But to do this would necessitate some fields 
which could in most particulars be under my direction. 
It is manifest that in many cases much more water is used 
than is required, and there is no doubt that in the case of 
many crops, better quality of crops could be obtained with 
a more economical and more judicious application of 
water. The systems of irrigation used in Colorado, and 
the systems of distribution, are often extravagant in the 
use of water and can be improved in many cases very 
greatly. We have not so far entered into the details of 
irrigation practice, but hope that such may be taken up 
and complete studies be made of the conditions governing 
them. In such cases the codperation of the chemical de- 
partment, in the analyses which should be necessary, 
would be desirable. 

It is evident that the study of the questions pertain- 
ing to irrigation involve the study of other problems, and 
among these is that of the ground water. For several 
years an instrument has been kept in a well which was 
originally sunk to obtain water for pumping. A record 
has been maintained continuously. The changes in this 
are very suggestive and show close connection with the 
rise and fall of water in a neighboring ditch located on 
higher ground. During the past summer several holes in 
different directions from the main well were sunk and 
records kept to determine the changes and inflow of the 
ground water over a considerable tract. The record of 
the past season was tentative, the object being to obtain 
a better idea of the extent of the problems involved and to 
gauge the means needed to make a more serious study. 
It, however, leads to a clearer apprehension of the con- 
nection of the movement of our underground water with 
the seepage of lands and the movement of seepage water. 
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The investigations in the San Luis Valley begun in 
the summer of 1896, were continued during 1897, and on 
the lines planned last season. This valley is one of great 
extent, covering nearly 3,000 square miles in the portion 
free from mountains, and has a water shed flowing into 
it of something like 5,000 square miles in addition. It 
forms an immense region in which the conditions are pe- 
culiar, and in which the methods of agriculture are to 
some extent special. The questions relating to the water 
supply and the problems connected with irrigation are 
different from those of most parts of the State. I was 
disappointed in obtaining the help expected early in the 
season, and in consequence we did not accomplish much 
before the close of the College term in June, when Mr. 
Trimble went at once to the valley and remained for the 
summer season. Mr. Stannard also stayed about a month 
in the valley, besides the time given by myself. With the 
large valley the distances required to drive are very great. 
An approximate estimate places the amount in the neigh- 
borhood of 4,000 miles by horse and wagon. One of the 
most important questions connected with the water sup- 
ply is that of sub-irrigation. The valley is the bed of an 
ancient lake and the surface is slightly basin shaped, of 
extreme uniformity and with the soil near the edges so 
pervious that there have been almost no drainage chan- 
nels to cut up the valley. The debris of the ancient lake 
which settled in the bottom is very deep, some artesian 
wells near Alamosa having gone to a depth of 1,100 feet 
without reaching rock. The deposits consist of layers of 
gravel and clay of varying thickness. What appears to 
be the bottom of the lake shows in many places in the 
valley and is in all places not far from the surface. 
When water is applied in irrigation it sinks through the 
surface soil until it strikes this impervious layer and then 
spreads laterally, but with the surface so nearly horizon- 
tal the water is at nearly a uniform distance from the sur- 
face. This condition has caused the method of irrigation 
which locally is spoken of as sub-irrigation. Some of the 
lower lying lands in the lower part of the valley are being 
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made too wet by the process. The sub-irrigated ‘section 
has gradually spread, as the soil underneath has become 
filled. Of the hundred or more streams flowing into the 
valley from the rim of mountains on all sides, nearly all 
sink and disappear at the borders. It has been ques- 
tioned as to what became of this amount of water. And 
when in addition is considered the volume from the Rio 
Grande distributed through ditches, and which, as al- 
ready mentioned, does not reappear in the stream, the 
final disposition of this water is still a question. It 
seemed quite clearly evident last year that all the water 
must pass through the cafion of the Rio Grande, which is 
a box cafion of many miles in length formed of volcanic 
material. The evidence of the artesian wells is clear that 
there have been two different lakes at different times. 
The one lasted for a long enough time to be filled with 
sediment to a depth of 600 or 700 feet. Afterwards, by 
volcanic action at the lower end of the valley, the valley 
was then dammed up and a lake existed for a long enough 
time to deposit about 400 feet of sediment. At the lower 
end of the valley are found places where the lava over- 
flowed a deposit of sand, baking it into a natural soft 
brick. The great amount of water passing into the valley 
and not yet completely accounted for suggests the possi- 
bility that the first lake may have much greater extent 
than the present valley and that the second overflow of 
lava may have covered a deposit of sand of great extent, 
and while damming up the lake in Colorado may have left 
an under channel of porous sand or sandstone, giving out- 
let to considerable water where cut across by some of the 
streams in northern New Mexico. This has not been veri- 
fied. 

There was found to be a general impression that a 
portion of the valley which has become water logged 
could not be drained. Through the kindness of the En- 
gineers of the Rio Grande Railroad and of the aid of En- 
gineers of the Canal Companies who placed their level 
notes at my disposal, I was able to obtain the elevation 
of most parts of the valley sufficient to make a contour 
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map which has been prepared but not yet published. This 
was sufficient to give the elevations of most of the valley 
west of the Rio Grande railroad extending from Alamosa 
to Salida. In order to learn the depression of the eleva- 
tion of the lowest part of the valley, a line of levels was 
run from Mosca east to the San Luis lakes. In this eight 
miles a fall of nearly 40 feet was found. In connection 
with the other levels which we have, this shows that there 
is a fall enough for drainage to run off the surplus water 
or to construct drain ditches which will run water into the 
Rio Grande below Alamosa. 

We attempted to obtain sufficient record of the 
eround water or of the water of sub-irrigation to compare 
this with the amount of water distributed by the ditches 
and from the river. From the difficulty of obtaining rec- 
ords and the extent of country traversed, it is not possible 
to make deductions on this point that will be beyond 
question. The artesian wells of the valley are numerous 
and obtained at a moderate cost. We have over one thou- 
sand whose location is known, and many others whose 
locations are approximately known. In a portion of the 
valley near the eastern side there is considerable area in 
which the water is bad. It is, I think, an important con- 
clusion that in this portion of the valley, by extending 
their wells deeper and casing off the brown water, as 
they term it, that they may obtain good and pure water. 

The meteorological observations it is not necessary 
to detail at length. Those which have been undertaken 
have been more especially those which bear upon agricul- 
tural meteorology. This includes temperature and more 
especially the questions pertaining to moisture, the 
amount of rainfall, of humidity, and of evaporation, and 
also the question of sunshine and solar intensity. Rec- 
ords of soil temperature have also been taken. Numer-. 
ous other records are maintained. 

Evaporation records haye been made by placing a 
tank three feet cube in the ground and nearly filled with 
water. During the summer season the measurement of 
the surface of the water is made twice each day by the 
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hook gauge, by the aid of which the elevation of the sur. 
face can be obtained to within a hundredth of an inch. 
During the fall, observations are made once per day, and 
during the winter, once amonth. A record is made of the 
temperature of the water and of the highest and lowest 
temperature during the day. An anemometer is placed 
close to the tank and this is connected with the recorder 
in the office and records side by side on the same sheet 
with the instruments placed on the top of the College 
tower. These measurements show a loss of water amount- 
ing to about 41 inches per annum, from evaporation from 
this tank. 

The number of hours of sunshine has been measured 
at this station and at the sub-station, but its records have 
not been reduced for the past: two or three years. The 
records may easily be taken with almost no increase of 
labor, and will form a valuable basis for study, if time, 
later serves to make a measurement of them. I have 
thought it desirable to continue these and other measure- 
ments. It is necessary to say that the value of such rec- 
ords increases very much with the number of years rec- 
ord, because we then have data which will more nearly 
give the average features of the climate. The method of 
measurement has been that previously used, which has 
been the use of the Pickering photographic recorder. 
This is in effect a small camera, semi-circular in form, one 
for the forenoon and one for the afternoon sun. Inside is 
placed-a sheet of blue print paper on which the path of 
the sun is indicated by a line. When the sun is covered 
with clouds no action is made on the paper, consequently 
the length of line serves to indicate the amount of sun- 
shine. Each night the instrument is set for the next day, 
so that each day’s record falls on a fresh place. The in- 
strument is not entirely satisfactory from the fact that no 
record is made during the early morning or evening. The 
records show what is well known, a much greater amount 
of sunshine here than in the eastern States. That this, 
together with the intensity of sunshine, must be connected 
with the active growth of plants, is too well known to 
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need discussion. But the quantitative connection be- 
tween the amount of sunshine or the intensity of solar 
energy received by us, and the rate of growth of different 
plants is still to be determined, although such would be of 
great importance to a knowledge of the processes of plant 
and crop growth. While we have not expected to be able 
to use these records for this purpose without at least the 
accumulation of a much longer period, we have obtained 
them in the hopes that they might be available in the fu- 
ture for such use. 


To measure the solar energy, we have used the Arago- 
Davy conjugate thermometer, which consists of two ther- 
mometers of similar graduations and with “bulbs of ex- 
actly one centimeter in diameter. One of the bulbs is cov- 
ered with lamp black in order to more completely absorb 
the solar energy. Each of the two thermometers is placed 
in a glass enclosure entirely surrounding it, and the air 
exhausted. The instruments are placed with their bulbs 
uppermost, pointing tothe sky. The radiation is absorbed 
more freely by the blackened bulb and its indications will 
be higher than the bright bulb. The differences in the 
readings of the two thermometers then give the means to 
determine the intensity of the radiation from the sun. 
The instrumental constant which is needed to be known 
before the readings can be interpreted and expressed in 
units of force or in heat units, has been found by making 
observations at five-minute intervals throughout the day. 
Allowing for absorption, as the rays pass through differ- 
ent thickness of the atmosphere at the different times of 
observation, the constant is derived. We have found the 
constant of our set by such process and, what was not ex- 
pected, the constant was found to be almost identically 
the same as that found by Ferrell for a similar set. 


It is not generally realized how great the solar 
energy received by us is. Engines have been made in- 
tended to work by sun’s heat and have been put in suc- 
cessful operation at different times for a series of years, 
both by the French admiral Mouchot and by Ericsson, 
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who spent the last years of his life in attempting to over- 
come the mechanical difficulties. 

The measures show that for at least eight hours per 
day on a sunny day, the energy received from the sun 
averages considerably more than one horse power per 
Square yard. This energy is very largely used in the 
growth of plants and the connection between these is a 
most important question to be found in the investigation, 
although it is not impossible that in the sunny regions 
of the West that important economic applications may 
be made of the sun’s heat as a source of power. While 
interfered with by clouds it is as much to be depended 
upon as the wind which is such a common source of 
power for small operations. We have also kept records 
of the sun for the greater portion of the time, with a 
maximum registering solar thermometer. This instru- 
ment registers the greatest heat of radiation of the day 
but the reading when obtained is uncertain in interpret- 
ation. And while the record has been to some extent 
desirable it is of unsatisfactory scientific value. We 
have had much trouble in preserving instruments of this 
type. Nearly all the thermometers have been broken by 
the great expansion of mercury, the maximum reading 
running not infrequently to 160 degrees. 

The Draper sun thermometer also belongs to the 
station. This instrument uses a compound bar made of 
two metals exposed to the sun. The heat absorbed 
causes the bar to vary in curvature, and as. one end is 
fixed then this end moves on a lever and indications are 
recorded on a sheet moved by clockwork. In moving 
the instruments to new quarters, they were dismounted 
and a portion was broken, and considerable time was re- 
quired to replace it. I plan to again mount the instru- 
ment. 

In connection with agricultural meteorology, we 
have also maintained the record of the soil temperature 
at different depths in the ground. Three sets of ther- 
mometers have been maintained until within the past 
year. One set was in our instrument enclosure, a sec- 
ond placed on high unirrigated ground near the College 
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barn, and the third set in low ground between. The lat- 
ter two sets have been read but once weekly, the former 
set is read twice daily. During the past year some per- 
son or persons wantonly destroyed one set of instru- 
ments in the low ground. This set had remained there 
for eight years without previous disturbance. The tem- 
peratures taken include temperatures from near the sur- 
face to a depth of six feet. 


The other records taken have included the other 
measurements taken of thermometers, of wind, and of 
frost. Self-registering instruments have been used 
where possible, but for the past few years the funds 
available have not much more than sufficed to maintain 
the equipment. The instruments at the sub-stations 
have been mostly supplied from this section and when 
breakages have occurred, instruments have been re- 
placed when we have had extra ones on hand. It is 
desirable to have extra instruments in order to be able 
to replace any breakage and also in order to have the op- 
portunity to test every instrument before it is issued. 


One of the instruments we are supplied with is the 
statoscope, which may be termed a magnifying aneroid 
barometer. The instrument records any change of the 
pressure of the air on a greatly magnified scale. During 
ordinary conditions of the weather the record is a smooth 
and uniform line. In the case of hail or thunderstorms 
or the more violent wind storms, the change becomes 
very marked and the record of the instrument indicates 
the violent perturbations existing in the atmosphere. 
A plate shown herewith represents the record of the in- 
strument during a violent wind storm, when the veloc- 
ity of the wind reached 60 miles an hour. The scale is 
an open scale so that the length of the diagram is less 
than one hour. And the distance between the curved 
lines is only 30 seconds. Tt will be noticed that the 
fluctuations are exceedingly violent, some indicating a 
rise In pressure of several millimeters, and some indicate 
a depression of as great an amount. These violent 
barometric fluctuations are coincident with the violent 


gusts of wind which occur in such wind storms. T have 
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not clearly satisfied myself whether these fluctuations 
precede or follow the violent gusts. The differences in 
time in either case is exceedingly small. 
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The sub-stations have each carried on observations 
to some extent. These include more especially the ob- 
servations of temperature, of humidity, of rain and 
frost. The superintendents have so many other details 
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to attend to that they can not attend to many of this 
nature. 

In order that these observations should be made so 
that the records can be compared with the records here, 
it is very desirable that they should be made on the same 
system and with similar methods of exposure the same. 
To do that and to make the records valuable for this pur- 
pose, the meteorological portions of this station should 
be inspected by some one from this section at least once 
per year, in order to suggest or direct such changes as 
may be needed to make the- observations of scientific 
value. Unless they are under best conditions the ob- 
servations lose most of their value. 

In addition to the reports from the sub-stations, a 
number of voluntary observers have furnished us with 
observations from different points in the mountains. 
The principal element which they observe is rainfall. 
These observers were originally obtained in order to 
study the changes of rainfall in our mountain watershed 
and to obtain fuller information of the changes in pre- 
cipitation from the plains to the summit of the mount- 
ains, in order to know more fully the characteristics of 
the precipitation which supplies our agricultural inter- 
ests with moisture. 

The station report can not be prepared without the 
corresponding College work being mentioned, as the con- 
nections of the two are so intimate and the work of one 
so supplements and affects the other that both the time 
and thought given to one have constantly in view the 
needs of the other. From the beginning of the College 
year in September until the close of the College year in 
June, the demands of classes require a large amount of 
time and energy and diminish the time which can be 
given to work of the experiment station, either in obser- 
vation or in study of the data which has been obtained 
with the hope of digesting for publication. The fall 
term is the one with fewest classes and with some avail- 
able time in the afternoons. For nearly all the remain- 
der of the year the writer has conducted from two to 
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three recitations personally in the forenoon, besides the 
immediate charge of one or two afternoon classes in field 
or laboratory work of two hours each. This is in addi- 
tion to the classes conducted by the assistant which re- 
quire more or less thought and attention. During such 
time it is manifest to one accustomed with College work, 
that there can be little attention given to investigation, 
and that effort must mostly be confined to the mainten- 
ance of the routine work and the continuation of the 
line of observations previously planned. The reduction 
of observations and the obtaining of results from them 
which shall be of value, require the freshest of atten- 
tion, and is not such work as can be done under condi- 
tions of mental fatigue or jaded attention. If in addi- 
tion to this is added the correspondence which ought to 
be attended to, the demands are more than can give the 
most fruitful results. Correspondence of this charac- 
ter involved by the needs of College work or of the ex- 
perimental work, or questions referred to the writer from 
different people involve usually not less than 500 or 700 
pages of copy book per annum, and in some single months 
may run from 100 to 150 pages. Some of the work could 
be done by cheaper help and in no single way could the 
work be aided than by authority to employ either some 
one to aid in the field instruction in the afternoons, or 
in the correspondence which devolves upon the Depart- 
ment. By so doing, the afternoon of the head of the 
section, could be freed from details which require almost 
the entire time and energy during at least two terms of 
the year, and, under supervision, the results ought not 
to be much less satisfactory. Fora portion of the time 
of the past month, through permission of the purchas- 
ing committee, aid has been had in stenographic work 
for a few hours per day, and the relief from fatigue of 
such work has permitted much more time to be given 
to work that can not be done by proxy. So much so, 
that I think such aid will give most excellent results if it 
can be had for a few hours per day for a large part of 
the year. 

I ought not to close this report without acknowledg- 
ing the help received from Mr. Trimble, the efficient as- 
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sistant in this section, and from Mr. Stannard, assistant 
in the corresponding College department, who has aided 
in the work in the San Luis valley during the summer 
vacation and at other times by constructing diagrams 
and charts. Many more have given freely of their time 
and means to aid in the investigations. Among the vol- 
unteer observers have been Mrs. F. W. Sherwood of Glen 
Eyre, Mr. 8S. J. Peery of Westlake, P. H. Boothroyd of 
Arkins, Rev. W. H. McCreery of Loveland, and C. E. 
Lamb of Estes Park. J. H. McClelland of Fort Collins 
has permitted us to continue the use of his fields in de- 
termination of the amount of water used; Dr. E. A. Lee 
of Fort Collins has freely given the use of his lake and 
boat in evaporation observations, and so has Prof. C. P. 
Gillette; Capt. W. M. Post has allowed the use of his 
farm for observations on the duty of water; R. W. Haw- 
ley and Henry Calkins, graduates of the Engineering 
Department of the Agricultural College, aided in the 
measurements of the seepage in the Platte valley late in 
the fall of 1896, and donated their time for that purpose; 
P. J. Preston, also a graduate and assistant to the State 
Engineer, took great interest in that work and advanced 
the expenses at the risk of reimbursement by the legis- 
lature of appropriations to that office in the spring; Mr. 
Preston has also taken great interest in the measure- 
ment on the Arkansas river, and without his aid and ac- 
quaintance of the river and of the local interests it would 
have been difficult to have undertaken the measurement; 
Water Commissioners J. A. Trulove of Florence, 
C. W. Reece of Pueblo, S. W. Cressey of Rocky Ford, 
gave freely of their time and energy and furnished 
transportation by team, in carrying on this work; 
Messrs. C. H. McHarg, superintendent of the Bessemer 
ditch of Pueblo, and Hon. J. 8S. Greene of Pueblo; W. C. 
Burke, receiver of the Fort Lyons Canal, of Las Animas; 
W. M. Wiley, manager, and E. ©. Hawkins, chief en- 
gineer of The Great Plains Storage and Irrigation Com- 
pany of Holly, also aided by furnishing teams and.trans- 
portation, and in various ways. The list of others who 
have aided to a greater or less degree would be a long 
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list, especially in the San Luis valley. Mr. J. H. Nelson, 
C. E. of Loveland also helped very materially with in- 
formation and freely furnished his time for a number 
of days in helping on the Big Thompson seepage meas- 
urements. 

Also to H. Michelson of the Union Pacific, Denver 
and Gulf, to S. K. Hooper of the Rio Grande, and to J. E. 
Frost of the Atchison, Topeka and Santa Fe, we are in- 
debted for ourself and assistants for transportation, 
without which it would have been difficult to have car- 
ried on the work on account of expense. 

The aid received from the various gentlemen above 
mentioned is such that the cost if paid for would run up 
to many hundreds of dollars. 

Thanking the committee for the support which they 
have given to the various investigations, and to the 
Board fer their support, this report is 


Respectfully submitted. 
L. G. CARPENTER, 
Irrigation Engineer. 


FORT COLLINS, COLORADO, 
NOVEMBER 30, 1897. 
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REPORT OF THE ARKANSAS VALLEY EXPERIMENT 
STATION. 


To the Executive Committee of The State Board of Agricul- 
ture: 
Gentlemen—I herewith present to you the Tenth 

Annual Report of the Arkansas Valley Experiment Sta- 

tion: 

From records of work on the station prior to my tak- 
ing charge, August 1st, it appears that the schedule was 
not submitted until May 1st, at which time Superintend- 
ent Blinn resigned, leaving the station without a manager 
from that date until May 15th. Owing to these circum- 
stances, planting did not begin until after all crops should 
have been planted and it was impossible to carry out in 
full the schedule of work the past season. For the same 
reason very little of the work done has given results 
worthy of publication. 

The soil on a large portion of the farm shows signs 
of having been given too much water the fore part of the 
season, which has caused it to become deadened. The 
soil on most of the station is of such a character as to re- 
quire but little soaking in irrigation. At present the land 
is being plowed so that the action of air and frost during 
the coming winter may put new life into it. 


CLIMATIC CONDITIONS. 


We have had a most favorable season throughout. 
The last winter gave more snow than usual, which left 
the soil in good condition for plowing. Spring started out 
about two weeks earlier than usual, the summer season 
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was refreshed with occasional showers, though not 
enough rain to damage hay, and the first frost came Oc- 
tober 11th, followed by no killing frost until October 19th. 
About eight inches of rain have fallen thus far this year. 
Crops generally are above the average. 


AGRICULTURAL DIVISION. 


Wheat—Twenty plats, of 4 of an acre each, were pre- 
pared and sown to as many varieties of wheat Sept. 23 to 
Oct. 7, 1896. No record is left in the office of treatment 
of these plats during the fall and winter. Water was ap- 
plied to the crop April 5th, May 4th, June 1st, and June 
21st. The Turkish matured earlier than the other vari- 
eties and was cut July 1st, the balance of the plats being 
cut July 13th. The following table shows the yield and 
weight per bushel of each kind: 


No. of Name of Yield per Pounds per 
Plat. Variety. Acre. Bushel. 
1 EEC OY iL Mrerctaseyctovols eiavetotsreicvelesiotelelalelere\sieieYeraieereielecsrsttele 14.38 bushels 49.43 
ALY PRS URTIE tale ain (cress a¥ao aceistole cfetalers w/eavarwle cisreimies) estes 14.87 bushels 53.87 
8) ‘Rede Mediterranean, (winter-Kille@) iy. fecseciuilarase 6) Dweges 
Vere Lridia NOs 2.) CwiIter-KiLled) Matacic Uceistrs cekemeccni ey) ie teins 
DUE TA DE Cee tera qemiewine No acemaewlaaivetemine een recise 26.46 bushels 50.29 
Gea STATI ED) ats loys vracctors siataiolsiero ele latita-ol oo weteise iota atari ats 10.64 bushels 54.05 
th JXTSUUVERN Gootanoonduphudocosounsonascodnane 13.71 bushels 49.65 
Cane ALAMN Ose OF UOWANLET= Kill) errcorrerecisie siete tain cisicie citergesieeen macetaintels 
OUMD MP LOV.EC, SLE’ oe ile emia soles ciaieis'ere oiniafarsie cieteloielele 29.48 bushels 52.30 
IOs WaaGuisl INGE: oabahtereca tol ee Das caocossoduscn: socuotrogaceane,  , |cncde 
chlk. IDribhereey (Oyane as KM Sonn odotgomotbene eocceosnvocndcG 9 odnd 
IV3,0 ANGhR SIRI Co oaeeeepapddonganbesceondonoOdSngMadm 39.04 bushels 59.23 
GL PPE CLG Sep Touts ate oie e:tiare\e sts -e clos ierels slela(olsiejatatereta/aveisjere 9.46 bushels 57.61 
Tv AGRI ING se Gy, Kone boner aNNOCO ep acagnadcncen wourmocanooctocvG. detec 
iss, (Ohana, (Graivine cs UO. eecemdcoocdocscend “ccoctcbhquaceneD, | optbc 
Gree ARATE GUNNS LAN sretcse oe > ovale of0ih vie o\m 0'6/« n]nje]u ole\bie/cle/eleieials 17.17 bushels 57.31 
ye MASH, ING AE (Qyigbenteh et aNNsts)) Aavbboohoceas | desscocuodencoe option 
18. Canadian Velvet Chaff................+... 31.49 bushels 53.76 
19. Red Russian..........sscncssereceerencecees 32.12 bushels 57.88 
20. CIA WSO 2... cc cec cress seen scecereesoncecees 32.12 bushels 52.25 


AVETASES cscccecsarsdecssevececececececes 22.58 bushels 54.40 
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The Turkish, Red Russian, and Clawson were the 
only varieties in the lot that were thought worthy of 
further attention in this section and they have been car- 
ried to a practical field test. The Turkish wheat is the 
principal variety grown in Prowers county, fifty miles 
further down the valley, and we have information of a 
yield of this variety grown in that section the past season 
which gave 574 bushels per acre, and personal knowledge 
of a field of 100 acres in the same district which produced 
3,900 bushels. The quality of the flour made from it 
would also indicate that, so far, the Turkish wheat is the 
best variety that has been thoroughly tested in this valley. 

Ten varieties of Russian wheats were received from 
the Division of Vegetable Pathology, U. S. Department 
of Agriculture, and sown in small plats Oct. 5th, 1896. 
They were irrigated March 26th, May 20th, and June 21st, 
and cut with a cradle July 15th. The following table 
shows, in a brief way, the results: 


No. of Name of Place From Which Yield per P’ds per 
Plat. Variety. Seed Was Obtained. Acre. Bushel. 


1. Bearded Winter. . .1harkow © (ctr ieteiectestseicestactr: 29.34 bu. 43.22 


Jt Wer THEISSe,s sacs coe OrlovVaitias on seucecemeteeestisrers 33.10 bu. 47.99 
Sie ECiGIN Ka weuwac centres Ekaterinoolar, (winter-killed). ........ ..... 
SI RUD ECAC aera) acole ete ots cssiers GYAdNO” cdecsstistenisaccoemadereeis cs 24.86 bu. 48.00 
5. Red Winter.......;.. SAMA Ay io -etcie seeaentae nee ae 27.25 bu. 52.63 
Gop AKON AAG. sence rtenn. Poltava,, ¢winter=Kkilled)Sirocc:s | ameceeen 8. cesiee 
7. Winter Girka........ SAMATa..:. coment ee senaesee 25.50 bu 60.00 
8 Chernokaloska....... Kursk, \(winter=Killed)ree.ckies ie-s act eneeen 
9. Belakoloska.......... Kharkov, (Cwinterekilled) ccm. ssccscn el miner 
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AVETALES. is s.disie ev nsieisiesueiiue seen ohn eee eRe 24.40 bu. 52.14 


I do not consider that these varieties have been given 
a fair test and have therefore continued the test in small 
plats. Several of them gave promise of becoming valu- 
able additions to our list of varieties of wheat. 

Spring Wheat—A plat of half an acre was planted to 
selected seed Amethyst wheat April 2ist. Two irriga- 
tions were given and the yield was 27.38 bushels per acre. 
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Barley—Half an acre was sown to Phoenix barley 
April 14th, irrigated three times, harvested July 13th, 
and gave a yield of 26.18 bushels per acre, as compared 
with the Guy Malye and Black barley under same treat- 
ment, the former yielding 14 bushels and the latter 18.4 
bushels per acre. 

Corn—A field of a little less than four acres of the 
Golden Beauty corn, planted on alfalfa sod to prove how 
long the effects of alfalfa will last, gave the following re- 
sults. The tract had been plowed up and a crop of corn 
grown thereon last season. Two cultivations and as 
many irrigations were given in 1896, the yield being 39 
bushels per acre. This season the crop was given some- 
what better care, receiving three cultivations and three 
irrigations, which should under ordinary circumstances 
be the minimum number of cultivations for corn in this 
section, irrigation of course depending on climatic condi- 
tions to some extent. The yield amounted to 46.1 bushels 
per acre. 

Some nine different tests of irrigation versus cultiva- 
tion were anticipated in the schedule, but owing to an 
uneven stand in one-half of the field the experiment was 
carried out in part only. The entire field was given three 
cultivations, the irrigations being given as planned, with 
the following results: No. 1, irrigated June 25th, Aug. 
14th, and Sept. 14th, yielded 45.35 bushels per acre; No. 
2, irrigated June 25th, and Aug. 14th, yielded 45.53 bush- 
els per acre; and No. 3, irrigated only once, June 25th, 
gave a yield of 33.23 bushels per acre. This test has only 
added another proof to a fact well known by the farmers 
of the Arkansas valley, which is that corn requires mois- 
ture when filling out the ear, although an over supply 
while maturing is of no value. With more cultivation 
this entire field would doubtless have been better off 
with no irrigation from the time the ground was plowed 
for planting until the tassels had made their appearance. 


HORTICULTURAL DIVISION. 


Apples—The apple crop was exceedingly small, very 
few blossoms appearing on most of the trees. The Mis- 
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souri Pippin, Ben Davis, Wine Sap, and Tetofski were 
about the only varieties having a full crop in this section. 
The reason for the failure can not be assigned to any 
known cause, the climatic conditions having been, to all 
appearances, most favorable for all kinds of fruit. 

Other Fruits—A few seedling peaches produced an 
abundant crop of very fair fruit, the peach crop generally 
being good. Several plum trees of the Chicasaw variety 
were loaded to the ground. Grapes had about half a crop. 
These, with a few strawberry plants and a small rasp- 
berry patch which fruited profusely, complete the list of 
bearing fruits on the station. The fruit crop throughout 
the Arkansas valley is good, apples being a partial failure 
only ina small portion of it. . 

New Varieties—A very commendable line of experi- 
ments was started here, in the spring of 1896, which I 
hope to see renewed. It consists of the planting of new 
and promising varieties of fruits. The first installment 
covered about five acres of ground. The list was the finest 
that has ever been planted in the State, but owing to the 
lateness of the season much of the work was lost, and the 
plats not having been replanted last spring, not more than 
sixty per cent. of the trees, and less than five per cent. of 
the small fruit plants, are now alive. This division of the 
work is one which is of the most vital importance to the 
Arkansas valley, as well as to other parts of the State, 
and it is my opinion that more good can be accomplished 
by devoting a larger share of the time and ground in use 
on this station to horticultural experiments, than to those 
lines of general farming in which the difference in climate 
between here and the Home Station at Fort Collins, be- 
comes a factor of much less importance. 


INSECTS AND DISEASES. 


Owing to the shortness of the apple crop the Codling 
Moth has appeared proportionately more plentiful than 
usual in this section. The few trees bearing fruit on the 
station were sprayed twice, and some observations of the 
larvee under bandages around trunks of trees were made, 
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the results of which have been duly reported to the Divis- 
ion of Entomology, at the Home Station. 

The first flat-head borers known to have been found 
in this section were discovered in apple trees in the old 
orchard on the station, and there is evidence that they 
have been working in some of these trees two or more 
years. 

Strawberry leaf-rollers, which have been doing con- 
siderable damage in the patches around here the past two 
seasons, seem to be the only ones that have been located 
in the State. 

The leaf-hopper and grape caterpillar have been more 
numerous than usual. 

Owing to frequent light showers and warm, damp 
days, the conditions have been most favorable for the de- 
velopment and spread of blight, which, having obtained 
a good foothold during the season of 1896, has given the 
orchardists in this section the same experience that it has 
given those in other sections of the country in years past. 
The trees on the station were in a condition to be most 
susceptible to the attacks of the disease, having made a 
rank growth last season and the fore part of this, and it 
is only by close and frequent cutting that the worst blight- 
ing varieties have been saved. The Clapp’s Favorite pear 
trees have had to come out by the roots, as have also 
Paul’s Improved crab apple and occasional trees of stand- 
ard varieties of apples. 

The tomato worm was more numerous than usual, as 
was also the hard-shelled squash bug. A field of two 
acres of sweet corn was particularly free from worms, 
which suggests the idea that by planting a large quan- 
tity in one place a crop of roasting ears can be produced 
which will be fairly free from these pests. 


CONCLUSION. 


Much of the work that has been done on the station 
during the past nine years has undoubtedly been lost, as 
a very meagre record has been left, outside of the annual 
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reports which have been published. I have, therefore, 
adopted a very complete system of keeping the records of 
experimental work whereby any new man taking charge 
will be able to take up the work where it was left off, 
which has certainly been impossible during the changes 
which have taken place the past season. It is to be hoped 
that the conditions under which the work has been con- 
ducted this year will not occur again, as the station can 
not but go backward under such an arrangement. The 
changes, as you are well aware, have taken place at a very 
awkward time as far as the experimental work is con- 
cerned. The work of a sub-station, to be of any value, 
must reflect credit on the Superintendent, and he, to suc- 
ceed, must be in a position to lay out his work for a series 
of years in advance. Therefore, while I can not advise 
your Committee in these matters, and while I realize that 
it is not proper for me to speak in a personal manner of 
these things, I desire to urge that before going further 
with the work on this station, you become thoroughly 
convinced that you have a man in the position of super- 
intendent who is capable in every way of conducting the 
same to the best advantage of all concerned. There are 
certainly many men who are able to fill the position ered- 
itably, and I consider it a very poor idea to spend time 
experimenting with men whose business it should be to 
experiment with crops. 


Respectfully submitted, 
W. FRANK CROWLEY, 


Superintendent. 
ROCKY FORD, COLORADO, 


NOVEMBER 30, 1897. 
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REPORT OF THE RAINBELT EXPERIMENT STATION. 


To the Executive Committee of The State Board of Agricul- 
ture: 

Gentlemen—I herewith present the Fourth Annual 
Report of the Rainbelt Experiment Station: 

The snow which fell in March left the ground with 
considerable moisture at the beginning of spring work. 
The work of planting spring crops was begun March 29th 
and continued until June 5th, at intervals, as the ground 
was prepared for seed. 

No severe storms occurred this season. The rain 
came mainly in gentle showers, so that but little water 
ran off. The rainfall during the growing season was .69 
inch less than in the same period of 1896, but the snow 
of March probably more than made up for the difference 
in rainfall during the six months following. Below is 
a table which may give some idea of the weather during 
the growing season. 


é g 
% dts 
: : 3 : 3 v A & e 

Vv fom) + ee q 
BE Bh oy IE aimee cy is 0 he oa e- erle derane 
ge sa 88 (SaaS yoko we e202. 2.2% 
; SEs op ete Omi StCee NG et erimen es Oa eye Wesson Ce a 5 
Z qo =o Fy o os Po aaa tnt nee emer 
ea} oa Ou aa 8a [soy Ha wD a5 VJ is) © U 
8 Meee Be ee Cee eee eeu ae Oyo. 
= se Sc) Sie Mey ae ait, a tar ane ee fu ee 
April ... 81.8 62.0 26.0 34.0 48.0 43.8 69% 1.20 8 N.W. 61 
VEAN i crest Oze 2 76.8 37.0 47.1 62.0 44.0 76% 1.44 5 Shite 242 
June .... 97.6 78.0 43.0 53.3 65.6 43.0 15% 2.22 10 S. EH. 50 
July ....102.6 89.8 47.6 58.3 74.1 41.0 54g 4.19 5 Ss. 69 
Aug. ... 96.0 83:2 51.0 56.6 69.9 39.0 67% 3.24 6 S.E. 66 
Sept. ... 96.0 84.2 37.2 53.7 69.0 43.0 54% -92 2 Ss, 76 


Total precipitation, 14.21 inches. 
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The object of the work this year was mainly to test 
varieties. All hoed crops and trees were cultivated after 
each rain, when the time between rains permitted, and 
the ground was in condition for cultivation. 


FARM CROPS. 


Fall Wheat—Thirty-six varieties of fall wheat were 
planted in small plats. These included 12 Russian vari- 
eties, 10 from the Kansas State Agricultural College, 9 
from William Henry Maule, of Philadelphia, and 3 from 
John A. Salzer; also one-half acre plat each of Turkey 
and Mediterranean wheat were sown, the seed being ob- 
tained from Oakley, Kansas. The following table gives 
the yield of a few which did the best: 


Z7SIMIMEPMAM, (iN! TOW.) aaa arcstencdoiars terete s 3.97 bu. per acre 
Tasmanian Red, (in row)............ 4.00 bu. per acre 
Turkey, (LOW): << ore eto enaewens 4.13 bu. per acre 
Mediterranean, (in row)............ . 2.07 bu. per acre 
Turkey, (broadcasted) 7.1.0. a1. norton 4.87 bu. per acre 
Mediterranean, (broadcasted)......... 4.15 bu. per acre 


The other varieties ripened unevenly, producing 
some very good samples of wheat. All the small plats 
were in rows 26 inches apart and were cultivated three 
times during the period of growth. 

Spring Wheat—Twenty-six varieties were planted. 
Thirteen of these came from Brandon, Manitoba, 4 from 
Montana, and the others from seedsmen. All were 
planted the same day in rows 26 inches apart and were 
cultivated three times during growth. The following 
varieties are the only ones which yielded more than two 
bushels per acre: Club, 2.28 bu.; Sutherlin, 2.75 bu.; 
and Ladoga, 2.16 bu. 

The yield from seed grown under irrigation was 
compared with the yield of seed grown by dry farming. 
Samples of Ladoga wheat were obtained from Montana 
and Brandon, Manitoba, and sown side by side. The 
seed grown by irrigation produced 2.16 bu. per acre while 
that grown by dry farming yielded 1.95 bu. per acre 
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Spiltz—A small plat of Spiltz was sown by the side 
of the spring wheat plats and treated the same way. It 
produced 2.28 bu. per acre. 

Oats—Thirty-six varieties of oats were sown in 
rows 26 inches apart. Eleven of these were from Man- 
itoba, 4 from Montana, 9 grown at this station last year, 
and the remainder obtained from seedsmen. Only a 
few of the earliest varieties ripened evenly so that all 
the seed could be saved. Of these, the Black Russian 
yielded 5.62 bu.; Belgian, 3.66 bu.; Red Georgia, 3.66 bu., 
and Mortgage Lifter, 3.13 bu. per acre. 

Barley—Small plats of each of, twenty varieties were 
planted. Ten varieties were from Manitoba, four from 
Montana, and the remainder from seedsmen. The varie- 
ties yielding more than two bushels per acre were: 
Odessa, 2.75 bu.; Mansury, 2.20 bu.; and Success, 3.25 
bu. Unevenness in ripening prevented accurate esti- 
mates of the yield of others. 

Rye—Four varieties were planted. None yielded 
more than the seed planted except Colorado Giant Spring 
Rye which yielded 2.66 bu. per acre broadcasted and 3.77 
bu. per acre cultivated. 

~All small grain was injured by a drouth which oc- 
curred when many varieties were in bloom. This was 
especially true of barley and spring wheat. 

Peas and Wheat for Hay—One acre was plowed four 
inches deep and seeded to Canada Field Peas and wheat. 
One-half bushel of each was broadcasted and covered 
with the disc harrow. <A good stand came up but all 
soon died. 

Millet—Eleven varieties of millet were planted May 
26th on ground which was plowed the first week in May 
and thoroughly harrowed after each rain. The follow- 
ing table gives the yields of hay: 
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Yield 
Date of Date of Per Acre 

Planting. Cutting. in Pounds. 
ETAT SON oe we otescae fe steer oreo eimesee ee eine aeinyets May 26 August 26 2,240 
Dakota Seed...,.....deeccecscsccenes owe May 26 August 26 2,310 
QalitGnnia. css ere sctiene ae eee May 26 August 26 3,130 
FET OS? sarees ea) ietastivisiclotaletoyasaraniareipie Siete interes star stela May 26 August 12 2,010 
Golden: BWONGER eves seco nineties May 26 August 12 1,790 
IVIL ATL UO Da Weer soit vrs sieretereisicte oreca carne May 26 August 12 1,810 
Marly Harvest. os. cce cece crscmsis sine May 26 August 12 2,050 
DEP ATLOSEY piarereiticvars steleteieiejaiers * sterdiairatasteereel May 26 August 16 2,210 
GETING, Heancswieiacialete sores eiinsteitermts tere tare May 26. August 16 2,290 
EEN Sa Th rosysta amtelelens ols wateia tere clare May 26 August 16 3,190 
(Olencakeohohe ee HUMOR A Romo acc ae DCIOAG May 26 August 16 3,090 


Hirse, Hog, and Manitoba appeared to be very much 
alike. California, Dakota, Japanese, and Common 
closely resemble one another. 

Broom Corn—Nine varieties were planted. All 
dwarf and early varieties were failures. Standard vari- 
eties, as Tennessee and Missouri Evergreen, produced 
fair yields of brush of good quality. 

Sorghum for Fodder—Test plats were planted to 
Early Minnesota cane, Early Amber cane, Early Orange 
cane, White Kaffir corn, Red Kaffir corn, Yellow Milo 
Maize, Brown Durra, Black Rice corn, African Millet, 
and Jerusalem corn. The stand was so uneven upon the 
different plats that no fair estimate of relative yields 
could be made. All did well where the stand was good. 

Sown Sorghum—One acre of sod was sown to Early 
Amber cane at the rate of 15 lbs. per acre. Also four 
acres of old ground were sown, using the same amount 
of seed per acre. The sod ground produced at the rate 
of 5,600 Ibs. of fodder per acre while the yield on the 
old ground was 4,560 lbs. per acre. 

Sorghum in Cultivated Rows—Four acres of Early 
Amber cane were planted with the planter drill June 5th. 
The yield of fodder, weighed November 11th, was 6.000 
Ibs. per acre. 

Non-Saccharine Sorghum for Grain—Small plats of 


ee +12 2 a NF 9 a = S 
Kaffir corm No. 39, Brown Durra, and Jerusalem corm 
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were planted in the orchard. All were cut September 
19th. Birds had damaged the Jerusalem corn some. 
The yields of the three varieties were: 


Kaitir-corn; No.39...../4... 3,473 Ibs. of heads per acre 
Jerusalem corn.<..<..0..- 3,030 Ibs. of heads per acre 
STOW DUET aoe. wero 3,397 Ibs. of heads per acre 


Birds molest Brown Durra but very little. Two 
acres of Brown Durra were planted in the main field. 
It yielded 1,876 pounds of heads per acre. Common seed 
was used in the field test, while the seed used on the 
small plats was from selected home-grown heads. 

Fodder Corn—Seven varieties of Indian corn were 
planted May 15th, for fodder. None preduced seed. The 
yields of fodder were as given in the table following: 


Red Cobsbnsilagerct .css ceca. 2,268 pounds per acre 
Evergreen Sweet Fodder........ 720 pounds per acre 
Southern Ensilage.............. 2,070 pounds per acre 
Gab EOC MOI or sisrsyerccarsistonel seercra ate 2,160 pounds per acre 
SUDCRIOL Mare clays avs cteusilas do. Seieevelro avers 2,052 pounds per acre 
WYTEDMGTIEMS, Hess 2 Sieesreu sens, siareteneieiersts 1,494 pounds per acre 
MarHeSGs FIP Cs tstacats oiar sstoleie aes tue 2,588 pounds per acre 


Grasses—Forty-five varieties of hay and pasture 
plants were tried. These included twenty-six varieties of 
grasses and two varieties of Salt Bush from Australia, 
twelve varieties of clover, Bromus inermis, and Johnson 
grass. They were planted upon ground which had been 
plowed early and specially prepared. At this time, alfalfa 
and Johnson grass are the only plants which can be seen. 
Very few of the grasses germinated and others which did 
soon died. 

Cow Peas—Five varieties were planted. All matured 
seed as follows: 


Black, (from Plant Seed Co., St. Louis, Mo.)....... 4.8 bu. per acre 
Whip-poor Will, (from Plant Seed Co., St. Louis, 

iio wammomoronrons so 0Sco 0b bo rYVOMbo monn om Gar 3.0 bu. per acre 
Clay, (from Plant Seed Co., St. Louis, Mo)........ A few pods 
Black-eyed, (from Plant Seed Co., St. Louis, Mo.)..A few pods 
Black-eyed, (Home-grown seed).................. 9.9 bu. per acre 


Speckled, (Barteldes P.:cok OCG) ene GR ACEO CRIDER OS Me ONE 1.8 bu. per acre 


i 
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Idaho Peas—A small plat was planted to Idaho Peas. 
Only a few grew, but the plants made a good growth and 
were loaded with fruit. 

Canada Field Peas—Twelve Varieties of Canada Field 
Peas were grown. Seven varieties were obtained from 
Brandon, Manitoba. All grew well, some of the vines 
being five feet high and full of pods. None have been 
threshed. 

Sand Vetch—A short row of Sand Vetch was planted. 
It is still green and covers the ground a foot on each side 
of the rows. 

Lupins—Three varieties were planted but were eaten 
by the grasshoppers as soon as they came up. 

Navy Beans—A small plat of Navy beans was 
planted. They produced a small yield of beans of poor 
quality. 

Fleld Corn—Forty-eight varieties of corn were planted 
on high land upon which no other land drained. The 
ground was plowed the middle of April and harrowed sev- 
eral times, besides being packed with a disc harrow. 
The corn was planted the 15th and 17th of May. It was 
much damaged by squirrels so that all varieties showed 
poor stands. The yields of the varieties are given with- 
out apology, as all suffered as fields of corn are liable to 
suffer in this region. The following table gives the yields 
of the different varieties: 


Yield per Acre 


Variety of Field Corn. in Bushels. 
Snowflake “White... -s5 hoe eee ere cee Tt 
Pearl Whites). 5. <3 5 ass. ee 10.3 
Merce? sco 2a G8 Rd te cenctcn de eee 18.67 
Longfellow: .. is s5420 5 0s lo ee eee 19.10 
Minnesota” Whité,..3.3 202. se. e ee 19.28 
Minnesota King... 2.0... (au. Sacer 11.93 
Drought ‘Register. t...24. (se eee 9.85 
Towa ‘Gold. ‘Mine: i... 55.5. cis ae eee 9.91 
Towa Silver, Mines... vse: has de chee ee meet 
Negro “Hquality sts. ovas, «0s alae oe iene 3.17 
Rustler’. coeedss aie tapioe: teen ele paneer eee ae 16.71 


Sanford’s Marlya.c cmesc hes ace ee ee 22.04 
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Yield per Acre 


Variety of Field Corn. in Bushels, 
Crea clon say itor lin taegy meer na wea eee eters ae 
HI CHP SOS. Seco sav sschee ee ene re oem cia Oi ioc ease 7.34 
IM pPLrO Ved a Hea Ming ac ctylere Tne ores einer ae 6.61 
Harbiestekipe: Hodderaa: seeetee ones eee 2.20 
ING Wie Lica Oye cae Scope male meietae cele Sales 8 sso 9.95 
Queen of the Wield, (Home-grown)................ 12.37 
Queenvor whe Miclayi@auehanijeucc ate aa aoe ee 3.40 
Moundoelss 3 02d'a ya Mellons each cine cars or aaitls secre: 10.60 
Champions Wihites Pearle metas «cok anlics omer 8.87 
BE trae ative EL lir OMe eens tees a a ciation: nine aie eevere 9.25 
AZO OL“ MICS. tae asinine s ciateaiie secre em oko 7.45 
Goldens Beauty so Seles ok eed Seine Sees 9.18 
Harly -ELULO Mier merce cectetaotseds, certs oie SING) ctenss.o 0d Ros 8.49 
FGUShHtOnESs Silver maVVinitOr. a. hceiicc cecien ei eroeerae iene 11.83 
Southsea Da kotach inte e. cu catiectest cee ar reeere Sie 6.04 
Brazilian: BOUT. ces susie a Mo ee fel cave cle Sesto a eure 1.28 
IN OTE Da ko Ge Be inn Gis cists tape aicstere er el ence) oh cusp trees teh staleue is a= 8.84 
Swadley ..... Told CODEC ORG Oey Oa eee 9.13 
RSS cane) lofeye¥ sv eR Sanpete ch cae rer eect eR cel meen emer abet 6.94 
Marhy Helipse, Velo ween .cets aato eis s store cievavele si srstalie. «7 1.48 
ine Eni sie cetecs «ota specie eines SB anete cater ets eta §.55 
SMTA NAD TIDES ek ecieere eeleten aaeenrcve teats, svete chatic ote erates 7.84 
@ucen"ak he: North syces meta whens: cepeieterais. ca besahetencle 5.59 

aeOanada, WEllOwW Dentin ran sete crore ners cays arsiwiarccs 5.71 
WihiterCap= Vellow= Det iatnctrettetels rteicie “ele ceienens 6.49 
Will’s Gehu, (Home-grown seed).................. 6.94 
WV SeG eli (VU S aM) elena. aeteuercttc aleusietayetateae<y merck 6.55 
UW AUE SEC ULTING Fb ccaveves cts cote ueeuaust aes olereveetere wis, sovelenaileliomarcaaies 6.94 
Win ooh Ia AMMMEKES ign cooocd ben Spades Obata 2.44 
Colorado, WHITE dc. oe tees eee de na cena ete aere stain ere oo OD 
Bar hygee VOLO War EVOSCtenarctotsrreinerl sete teceteis leben trel herr OL 
Wilniter AUISELAlAN:, suistestaversrcisreta cnc Seastcrone oteta ers te ne 9:13 
Prideofithe North, (SalzZen)iprcnsecs ce os steer 4.88 
TO ARO TA OTE coats ond Dee ere PAA NOUS eedene care eee ewe cates 6.04 
WWITOeICATSAS TCM Ps ares stime mathe sasese: sat cin cineuclteereus ere 4.05 
AA ESOTIS VN CRALEC ove ceeioie oo oreneienictetaretarmiccan sie: artists cendonatalesccrne 8.23 

HORTICULTURE. 


Trees—All the apple, cherry, and plum trees have 
made an extra large growth. The twenty apple trees set 
out in May all lived. Ten of the fifteen plum trees set 
out lived. Two ash trees died during the summer. All 
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other forest trees have grown well. The Rocky Mountain 
cherry trees and the gooseberries bore heavily, and the 
standard cherry trees bore some fruit. The raspberries 
have held their own and increased by suckering so that 
many can be set out next spring. They bore a few berries 
this year. 

Potatoes—Forty varieties of Irish potatoes, chosen 
from a long list of those which have proved valuable in 
other regions, were planted May 12th. Some which show 
the lowest yields are as good as any, but produced small 
yields on account of a poor stand. About June 15th, the 
potato beetles (Meloidze), of many sizes, began upon the 
potato vines. Before we could get started to spraying 
the vines, much of the patch was defoliated. At this time, 
it was noted that while the vines on each side of Carman 
No. 1, were very ragged from the work of the beetles, Car- 
man No. 1 was apparently untouched, and there seemed 
to be very few beetles on the vines of that variety, while 
the rows on each side were covered with beetles. The 
potatoes were either sprayed with Paris green and water 
or sprinkled with a mixture of Paris green and lime every 
few days, or as often as the beetles appeared in num- 


bers. Below is a table which gives the yields of varieties 
tested: 


Marketable Small 
Tubers. Tubers. Total. 

Bushels Bushels Bushels 
Variety of Potatoes. Per Acre, Per Acre. Per Acre. 
Barly THorowsb pred ssa.scsccesecee 37.80 10.20 48.00 
irish ibaisysnGVaushan)eee. oc ceoeeeee 18.50 19.50 38.00 
Warman cNoOmel fa. accm cetepwecincsc mer 27.36 21.60 48.96 
WarlyPVeuenaiicssntooe ee siestiee coe ae 41.31 9.18 50.49 
ViECLOTPROSEx se caisicienise ce nee meta te 24.00 17.00 41.00 
Beauty -Of IBCaTitieds: co.eececee ae 45.00 12.00 57.00 
SANT] EK. Saierslerpininwine siessih ot els Saute cle ere ae 17.55 12.89 30.44 
Early Six Weeks, (Barteldes)...... 35.61 10.84 46.45 
Mazerie Iurphys:isaccecs cms oeteenat 25.26 7.26 32.52 
Carma NOs Os.kwves oeticneein cerca ie 49.80 9.24 59.04 
HIGBLYS PEA SASS wccecncakele cole ees 6.66 1.34 8.00 
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Marketable ‘Small 
Tubers. Tubers. Total. 
_ Bushels Bushels Bushels 
Momlyos HLCCIMAN . cmalaiplartsete ee ters 14.34 7.38 21.67 
BOSCOMPEVEG siete ernie enla ate eipiettaeiastee stare 28.50 9.75 38.25 
Barby OM Opis acts acs aoe ee sels oeae eee 40.00 5.60 45.60 
Early Six Weeks, (Salzer)........... 25.34 7.66 33.00 
Bliss’ Triumph, or Stray Beauty.. 17.00 22.00 39.00 
Kine OL CHS sWaATies tases -c cencseenes 15.32 5.25 20.57 
AMCTICATIMW-ONGEN a. oe seein eosin osien eos 17.28 9.60 26.88 
LAL VESC IRS aisles oicleisiel siete ciate cieid stereos 35,52 9.60 45,12 
\niCove ke Lil eh Dig aah olan manuodee Danodo 13.76 8.52 22.28 
Champion of the World............. 18.67 6.00 24.67 
DTS OTNC LAC teretaterecerersieitetieiejetsiaiereicretelstaterere eiavclers 20.00 12.33 32.33 
GOOG TICS ara arsters sta ieteintaes ere alareieieleie/oiete 27.34 14.00 41.34 
MEMUITAE VEGE ONG! oF wreiclerelo:« ole leiejstete:<latoveiste/e aleleis 23.00 11.67 34.67 
Early Beauty of Hebron............ 14.08 5.74 19.82 
PVISH ED MIS Vee GUaIZeL)o senw sincere rcamole 16.00 14.67 30.67 
INGR  YORkMH arly HROSC scence ac ossicete 31.20 6.96 38.16 
SOWA AROT chiro irises esls|s #'areistaxeuiaiegers 38.21 18.61 56.82 
Crown Jewel..........- Zeidisreporie’e)omte oi eisrele 24.00 17.50 41.50 
LIANCHIN ES TOPLESS sicleeresieileleja ecvieisiclele eis 17.60 10.40 28.00 
Poerlens) dati cec.vmata vccatags has thinoess 5.79 10.35 16.14 
Bar lyae OV ELA Con tucicacicee ccnisleisicetenn stele 52.56 9.69 62.25 
QUICK ACLOP series aetces bem incaeeiceiriistels 19.64 3.82 23.46 
Marly MiINnNeSOta < o.< ses scciece waitenesieins 36.93 9.23 46.16 
PLATT V NTO MCAT Al eleteselcreiele clei creainlnvessie’s ag 28:40 8.00 36.40 
\WA chhseatsit2h ey poco annoppooBedopddcoomocnocT 10.90 9.84 20.74 
Extra. Early Ohio... -...c.cseccseeeee 29.21 7.30 36.51 
IN CHING Hains ate ces oie ele eis Fi slovwisteteres/attoisre)ni re 23.00 5.50 28.50 
Burbank’s Seedling.........+.+e-eeee- 12.48 9.60 22.08 
New Burbank’s Seedling............ 32.00 10.00 42.00 


Sweet Potatoes—Seven plats, each consisting of one 
row four rods long, were planted to sweet potatoes with 


the following results: 
RiedmNanSemiOn Giscgssietetts fareielareie setae e 43.80 bu. per acre 


Black Spanish............ deters ecatets wis'jar'e 66.75 bu. per acre 
SOUTHEEM EO UCM memirerecnceie wren reusletolsio 60.33 bu. per acre 
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Yellow Nansemond............-.--:- 43.50 bu. per acre 
Yellow Jersey.....-00s-0-s ee sese sone 66.00 bu. per acre 
Barly Golden, Plat 1........-...++-- 90.75 bu. per acre 
Barly Golden, Plat 2.,.............-. 187.17 bu. per acre 


One specimen of Early Golden weighed 4.67 lbs. The 
roots of the plant on which it grew were traced seven feet 
horizontally, and one was traced six feet and five inches 
deep. 

Sugar Beets and Mangel Wurzels—Twelve varieties 
were planted. None grew. 

Pumpkins—Five varieties of pumpkins were planted. 
Kentucky Field, Cashaw, and Tennessee Sweet Potato 
gave fair yields. Japanese Pie and Sugar pumpkins pro- 
duced but a few fruits. 

Squashes—T'wenty-five varieties were planted May 
13th. The bugs were picked off from them twice a week 
until the middle of July. After this they were left to see 
if they would withstand the ravages of the bugs. This 
was done because up to that time we had found no bugs 
upon Delicata, a late squash which came from Northrup, 
King & Co., Minneapolis, Minn. Only eight varieties ma- 
tured fruit. These were Golden Summer Crookneck, 
Patty Pan, White Bush, Early Yellow Bush, Der Wing, 
White Pineapple, Brazilian Sugar, and Delicata. Al 
these bore good crops. No vines of Delicata were killed 
by bugs, but we saw some bugs on them late in the sum- 
mer. 

Watermelons—Hight varieties of watermelons were 
planted. Ice Cream, Gypsy, Kolb’s Gem, Cuban Queen, 
and Golden Rind gave fair yields of melons. Fourth of 
July made a large yield and Saizer’s Earliest a small yield 
of extra quality. 

Stock Melons—Kight hills of stock melons were 
planted eight feet apart. At gathering time the vines had 


spread over eight square rods, and 2,000 pounds of melons 
were picked from them. 


Muskmelons—Seven varieties of muskmelons were 
planted. All made fair yields. 
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Mangoes—A few hills of mangoes were planted. The 
fruit nearly covered the ground near the hill. 

Cucumbers—Six varieties of cucumbers were planted, 
including Salzer’s Earliest of All, Early: White Spine, 
Early Cluster, Early Frame, Long Green Turkey, and 
Maule’s Improved Long Green. All bore well. Salzer’s 
Earliest of All and Maule’s Improved Long Green were 
especially productive. 

Sunflowers—Three varieties were planted, Black Gi- 
ant, White Beauty, and Mammoth Russian. No estimate 
of the yield has been made, but all gave good yields. 

Chufas—A small package of Chufas was planted in 
the garden. They grew well, and now there is a layer of 
Chufas almost solid under each bunch of tops. Some 
bunches of grassy tops are ten inches in diameter, all 
having grown from one seed. 

Peanuts—Four varieties of peanuts were planted. 
Early Virginia, Mammoth Virginia, Root Hog, and Span- 
ish all produced seed of good quality. 

Radishes and Lettuce—Both did well. Lettuce planted 
in the fall as well as that which was self-sown from seed 
grown in the garden last year did well. Garden beets 
and onions failed to germinate. 

Beans—Thirty varieties of garden beans were planted. 
The first green beans were picked from Earliest Wax, 
August 5th. The last picking of green beans was from 
Henderson’s Bush Lima, October 20th. The varieties 
which bore the best were Salzer’s Golden Wax, Earliest 
Wax, Six Weeks, and Yellow Six Weeks. 

Peas—Twenty-two varieties of garden peas were 
planted. Some varieties which were tried last year were 
tried on a larger scale this year. The peas were all 
planted May 12th. Some varieties occupied only a few 
feet of row, so the yields given in the table below are to 
show variations in amounts of shelled peas as compared 
to pods. The table will give some information as to re- 
sults obtained: 
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Amountin Pod Per Cent. Date of 
Varieties of Peas. in Pints. Shelled Peas. Picking. 
American Wonder.......--.seeeeeerees 3 30 June 28 
Salzer’s Earliest and Best.......... TA 31 June 28 
Mirst and. Wests. .25 <<< cste sm cm riniaieiietsrs 4 29 June 28 
PTTOTI | SUTIN els oiainie lef eiote leis etado)aleteisisisieinss(= 1 33 June 28 
Rural New Yorber oii s ces cess 314 31 June 28 
SCOPCHOM Ss aris decree autre sane reser 916 30 June 28 
TAC GOTT oar n eye clesein a ela erotois Crarwiots sisiniatove 4 26 June 28 
UIC eng ae ABO EEE EIT OCIO UEC OROCOC SOO OGG T% 24 June 28 
DWaRte GLave SURAT eeccliacictle@ecrsieminac 24% 31 July 8 
year IVER ies inic veaisiote aaieva(oisrarars tiaineleieiciaie cele 434, 31y July 8 
Pretty Geis, ccc sla since ceiieeiocleinre 5-16 30 July 8 
WOVISS DUT Om el OF Oi. tclnaccetineausiamiiiee meses 5B 20 July 8 
Large White Marrowfat............. 3% 8 1-3 July 8 
Hiverbearinge: cscissortasicwocdavonaurtemisas % 25 July 8 
ADU MANGE sapanacec acne Seas e dodger 9-16 33 1-3 July 8 


The following varieties produced fair yields, though 
not tested for per cent. of peas to the pod: Black-eyed 
Marrowfat, Pride of the Market, Champion of England, 
Mammoth Luscious Sugar, Strategem, Summit, and 
Earliest of All. 


Sweet-Corn—Twenty-six varieties of sweet-corn were 
planted May 11th. The first roasting ears were picked 
July 26th from Cory, White Cob Cory, Early La Crosse, 
Telephone, and Early Adams. The last roasting ears 
were picked Sept. 17th from Country Gentleman and 
Egyptian. The Early Adams, Shaker’s Early Concord, 
Moore’s Early Concord, Early Bonanza, and None Such 
yielded especially fine ears, both in size and flavor. But 
there are so many good varieties that it would be hard to 
choose five for use and prove them better than any others. 


The table below gives the date of coming into roast- 
ing ears of the several varieties: 
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Date in 
Varieties of Sweet-Curn. Roasting Ears. 

WHILE CON COlny-. . maten ts ace ieee eats ee July 26 
Countisy sen tem anise. wanes aac eee August 21 
inst: Of eAlle(Salzen)trerman ae eee a amen er August 5 
Blacks Mexican... cies aes eae ae ee August 4 
COL Ye es ee eS en July 26 
lar by: SAGAS) cc iret pee oro ent ok terete re otc ULE ZG, 
NEY CLAM ne seater tee aren one gecesi OVS CR August 19 
Marl Van MUN CSO Casey wera a recta yal cneityernueseae a enstaces August 4 
Gros by SPE Arivg nies dacs clan i oe cree nee July 28 
Berry So Enyloridicvacys crecde ine eres) citeeael cd neds oh rene August 5 
IGSt OrseA ls (Wlanile) i sieach tues coratecic cs cosas July 26 
HarlvasMiarblelwendinaendens slisiste cose ctatersee ern ee July 26 
INGER SUC Wi cte egies) otieterece are enatate ene intake August 19 
Shakers Marly (Concord. saan. el atocei eee cee: August 5 
Moore Ss Darlya COM COL a. cisarerlonett eestor August 9 
BHarlys ROMA Zaivonescsias ilenseice eves Mises hick dee August 14 
Niorihernne oP CdS Tey ats aman atenave platard lors east arch ote August 5 
AETV ASM GSC lscre tele susie mestatehenelenctemsronee custele nina: August 5 
TIMPLOVEALRAVOY: var cgaceiette ayaeneas creer a sectienavetectnictey che August 21 
LLAMA CLELCCM a elera sGarerohlsesieys Taner are cYeterayatons August 14 
GaP TOME cosh setae arsine arenas ate teed eal Spot aac August 5 
ait vasa @ROSSC saoncerste ai a theunereroren denaraeeatst tastes July 26 
ANKE OPINOD REY Going OOO tS como vor cl couin ho aoc July 26 
INETTIIVE SORA cle ota o Shere. cow laiat sabe ishets veterinarian ie August 4 
AVE ANIA TINO Ulinres aie crs reste onet ohakone: Smee tenia s fateesre ees Shears August 19 
Stow ells HVer gE COM ai ous54he cree odors oiceitaisfoyeel olor August 19 


Pop-Corn—Small plats of pop-corn were grown and 
all of them made fair yields. The following varieties were 
tried: Queen’s Golden, Red Jacket, White Pearl, and 


White Rice. 
WIND-BREAKS AND PROTECTION FOR CROPS. 


During the winter of 1896-97, the corn stalks and 
rows of broom corn left in the field to check the blowing 
of soil and catch snow showed their usefulness. After 
each snow storm, the drifts would be from one foot to 
three feet deep in the strips of stalks left, except in the 
corn stalks. They soon broke off and were blown away. 
The guards made of broom corn and sorghum stood well. 
In one place five rows of Kaffir corn had been left north 
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of a patch of buffalo grass. Snow drifted so much there 
during the winter that the effect of the wind-break upon 
the grass could be seen all summer. 

Trees—-In May three thousand Russian Mulberry 
trees were set out in rows across the field. Two rows 
twelve feet apart and two feet apart in the row were 
set on the north side of the cultivated forty acres. 
Twenty rods south of these two more rows were set, and 
twenty rods south of these’a single row was set. These 
grew well during the season. Also, through the kind- 
ness of Prof. Hansen, of Dakota, and Superintendent 
Bedford, of Brandon, Manitoba, we received nine hun- 
dred cuttings of Russian Artemisia. These were planted 
on the south side of the cultivated land. A good stand 
started, but the grasshoppers ate nearly all of them so 
badly that only a few are alive at present. 

Of the other trees tried here, the Black Locust and 
the Green Ash are the most promising trees for use in 
making permanent wind-breaks and shelter-belts. 

The sod wall and board fence wind-break has been 
extended until it is now twenty-two rods long, but the 
crops kept us so busy this year that we could not make 
the tests which we had planned. 


CULTIVATION TO PREVENT BLOWING. 


During the progress of the spring work, we had all 
the ground plowed and harrowed except a narrow strip. 
One day when the wind blew, the dust would rise in 
dense clouds from the unplowed land, while the same 
wind would sweep across the harrowed land and not 
raise enough dust to be noticed. The harrow works 


the fine soil down below the little clods which protect 
it from the wind. 


EVAPORATION. 


From Water—Two pans, each exactly one foot 
Square, were filled with water to a mark every morning 
at 7 o’clock. Both were measured at 7 p. m. on every 
Sunshiny day and also, upon some days which were 
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party cloudy. One was placed where the sun could 
* shine upon it, while the other was protected from the 
sun’s rays, but left so that the air could circulate freely 
about it. The table below gives the differences between 
the morning and evening measurements of the two pans 
together with some important meteorological data. 


Eyvap- Evap- 

Relative Mean Sunshine, oration oration 

Date. Humidity. Temperature. Per Cent. in Sun. in Shade. 
July 12.... 57 69.0 100 -469 219 
July 15.... 63 71.4 90 844 -250 
July 16.... 47 73.5 75 531 375 
Oye Mier oe 80 71.5 50 563 125 
July 18.... 88 66.8 55 618 .063 
July 20.... 68 63.1 100 B44 157 
July 21,... 54 71.2 85 344 .219 
July 23.... 44 76.6 65 -500 -406 
July 25.... 63 71.0 100 -469 -250 
July 26:... 39 74.5 65 -500 375 
July 27.... 43 74.5 10 844 344 
July 28.... 42 75.6 100 469 313 
Sigil; PM sse 35 79.5 100 .563 -406 
July 30.... 28 78.3 80 -500 -438 
July 31.... 35 78.5 100 531 375 
August 1. 42 78.0 385 469 375 
August 2. 44 74.5 ; 85 -488 013 
August 3 67 74.5 45 375 250 
August 5 72 69.5 90 300 100 
August 7 78 70.5 70 281 250 
August 8 17 73.3 75 531 125 
August 10 88 70.5 45 375 125 
August 11 7 70.6 90 044 156 
August 12 59 73.4 100 594 250 


Means . 57.7 72.9 74 438 261. 
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Evaporation from soil surface was studied some- 
what, but no progress was made except in learning how ° 
to arrange the work and carry it on when better oppor- 
tunity offered. We hope to get more time for this work 
next year and shall plan with this in view. 


Respectfully submitted, 
J. E. PAYNE, 


Superintendent. 
CHEYENNE WELLS, COLORADO, 
NOVEMBER 30, 1897. 


TABLE OF CONTENTS. 


Present Condition of Station Work................... 


PAGE. 
WetierwoL. Dransun itt crs cere noe uocem ate een ee 3 
BoardeorpaControl and, other Oficersancndeaeneesen eee teeee 5 
Stavion MMplOy Os, Soci SOSe walaei oe Gece ce ae eee 6 
Secretary s- Hinancialy Statementswe.. ee ocelot ones qT 
Experiment Station Inventories, November 30, 1897......... 8 
Hixtractiss Lromethes “Elatch Bact OL MSS ie. sei oo eee oer 10 
Extracts from a Circular Issued from the Office of Experi- 
AMED UE SUALLONS 2 ctemate atised co eater ecteraleccnonstne ence re ier ea Pe 13 
Extracts from the Report of the Honorable Secretary of Agri- 
GUULUTE™. LOLMLSO Toon cy cumenetces atancerieetehsrai aie Meares ehtiel a soecereycens ils; 
Ouithinesvoe Stationy Wolk FOI ASO (ie ay aape ciseeree oaeee ster ciao ciate ily 
PMSTICULEUNAL SC CEO Er, sclmnstn tre code tole as aolreie. memtteen ee atti 
Sectionso£ Botany andy Horticultaress.o.. 6 «ccc eee tee 18 
BNCOMOLO SICAL SC CUO se rais wo tes cereal sccusl Nover st cnedersle one acters LS 
ChemicaleSectl Owe, xc <- ceais) okenetates ore mis ers everore encores ts 19 
Section of Meteorology and Irrigation Engineering..... 20 
Rainbelt Experiment Sub-Station.................. 21 
Arkansas Valley Experiment Sub-Station............. 24 
BllStine seu DL CAtLOMS  c5 c:.6 2.4 we cetelos elecene sche rst sc tn sleutie © sealeters 27 
Report of the Director........... Std ahaa mao aiuclras Bho 29 
Supervision of Station Work. Po ae 929 
Connection between College aaa ‘Station Work: Sate we iaie 80 
Services Rendered by Members of the Station Council... 31 
Station Work Preferred by Pmployés................. 32 
Some College Funds Used to Advance Station Work... 34 
Government Fund not Available for Sub-Station Sup- 
C0) Map toce gum cece oO VoSHisa Memon s ldcbioonL dedts 35 
The State’s Agency in Creating Sub-Stations. an OO 
Legislative Action That Called for the Gorerior Ss svete. 38 
Sub-Station Support Should Come from the General 
ReVentle’ OisbMers tVle mary espe ariereter terre csuerelctal here tettl ness 41 
42 


IIO TABLE OF CONTENTS. 


PAGE. 
Report of the Agricultural Section. ..............ee sees sees 44 
Bulleting. LSSwed . cic heiele ic + wposeueters eeeMeove ie eneieuar fens y ieee ics +4 
Sugar’ Beet @ultureinn. . cc 5j-- eiricptotenetelyenene etn aime ron 44 
Experiments in Stock Weeding. ............0. 0.252505 46 
Report of the Horticultural Section......................-.. 48 
Testing Varieties of Orchard and Small Fruits........ 48 
Coéperative Work with the Division of Forestry...... 49 
The Morange™ QUeStOM. in. omens lorteced eset neat reac tr mentees 50 
Additions: to the’ Herbarium. pcre er eteieiete nett 51 
Report of the’ Chemical \Sectiomern seciciueverers areucrleterste rien tees 52 
Bulletins: IsSswed cise se ste eetersbete a ceeete pede teksionreeee ates o2 
Chemistry of Irrigation) Watersiecim clement oer ay 
Analyses of, Sugar Beets)... - 2 saicereticien socete muerte 53 
Report of the Entomological Section........ 55 
Bxperimental Work: ccc ascic pic o che: tetonstaceteusesieeeeaiet esi areneneae DD 
Notes ‘on Injurious  INsects. hi, tance iene amerietae 56 
B@G. PAraly sis « swaisc6. ce scenatetanecen meeetere Cement eke ea eae ene 60 
BuUlleping shi ca.5 5 ioe 0: ote jerette oe Bre qtabettatet oie eile pee Re none RIT me nea 61 
Report of the Section of Meteorology and Irrigation Hngineer- 

11 0h er ee erra APE Eerie eid pace Hida Oca wow.05 50 62 
Return: Waters. from -[rrigation nce seicc iano a een 
Storage of Water in} Reservolrsimaery-ceay se )ieic etree 
Hvaporation from Reservoirsiem yer err eee nares 67 
Measurements on the Cache la Poudre River.......... 68 
Investigations in the San Luis’ Valley................ 74 
Meteorological’ Observations arene erence 76 
Volunteer Observers wishobtas Abc zpera CMabigas ee oy-aicsin ay Save yernca eae ee 

Report of the Arkansas Valley Experiment Station.......... 86 
Climatic Conditions: 3-4 e eee ee eee 86 
Agricultural, Division _.eneeee 87 
Horticultural Division ase 89 
Insects: and:-Disedses>: 2c ie reee eee eee eee 90 

Report of the Rainbelt Experiment Station................ 93 
Weather Table) <. ssrtiva. ccs oe eee eee eee 93 
Farm -Gropg ops serie ceeys.cne 5.3 oh eee 94 
HieldiCOrny 7 Sec te ice eee eee Gia aspuhayape dina etna eoemedes 98 
Horticulture co... cs. 6 ous «jee doe 99 
Potato, Records fy. ..ncis cots ae. eee ee 100 
SWeeb Cormics eu Nacic eee 104 
Wind Breaks |... wdlees ss + vie cehinceee ae 105 
Cultivation to Prevent Blowing. .,.......0))nneee 106 
HY ADOLAU Ola eCOnG a sera ee eee ene 106 


THE STATE AGRICULTURAL COLLEGE. 
THE AGRICULTURAL EXPERIMENT STATION, 


BULLETIN No. 33. 


Seepage or Return Waters 
from Irrigation. 


Approved by the Station Council. 
. ALSTON ELLIS, President. 


FORT COLLINS, COLORADO; 
JANUARY, 1896. 


Bulletins will be sent to all residents of Colorado, interested in any branch of 


Agriculture, free of charge. Non-residents, upon application, can secure copies 


not needed for distribution within the State. The editors of newspapers to whom 
the Station publications are sent are respectfully requested to make mention of 
the same in their columns. Address all communications to the 

DIRECTOR OF THE EXPERIMENT STATION, 


Fort Collins, Colorado. 


SRR SRS SEE SAP PE ET TE SIT ET EE LS ET TE a EE EE SS ST 


. The Agricultural Experiment Station, 
FORT COLLINS, COLORADO. 


Term 


THE STATE BOARD OF AGRICULTURE. Expires. . 
HON. oe J. RYAN,.<« = - = _- Fort Collins, — - - 1897 
HON. A . EMIGH, - = = < Denver, - : = 1897 1 
HON. J. is DuBOIS, - - - Fort Collins,  - - 1899 
HON. JOSEPH 5S. MoCLELLAND, - Fort Collins, - = 1899: 
HON. JAMES L. CHATFIELD, - - Gypsum, - = (2 S9oR 
HON. A. LINDSLEY KELLOGG, - - Rocky Ford, - = 1901 
HON. ALVA ADAMS, _ - - - = 7. Pueblos. = - 1903: 


MRS. ELIZA F. ROUTT, - Denver, - - «=. | 908: 
GOVERNOR ALBERT W. McINTIRE, ex-officio 2 
PRESIDENT ALSTON ELLIS, : : 


EXECUTIVE COMMITTEE IN CHARGE. 


HON. J. S. McCLELLAND, HON. JOHN J. RYAN, 
HON. A. L. KELLOGG, HON. J. E. DuBOIS, 
PRESIDENT ALSTON ELLIS. 


STATION COUNCIL. 


\ 
ASTON HOES, A. MPs. DGS =. - PRESIDENT AND Director 
WELLS W. COOKE, B.S., A. M., - - - - AGRICULTURISE 
Cc. §. CRANDALL, M.S - . Horticurronist AND BorTaNnist 
WILLIAM P. HEADDEN, A. M., Pu. D2 Se s = . CHEMIST 
L. G. CARPENTAR, M.S., < Mergoxonocrsr AND IRRIGATION ENGINEER | 
Cc. P. GILLETTE, M. S., 2 = - - ENTOMOLOGIST — 
DANIEL W. WORKING, BS. - SECRETARY 


LATHROP M. TAYLOR, iB a Biemvocn umemes 


By 


; ASSISTANTS. 
FRANK L. WATROUS, : & = 2 ds 
nue H. COWEN, B.S., E 2 = 2 
HARLES J. RYAN, - = : z 2 é = a 2 eat! 
CARL F. BAKER, B.S., - = = - Eixcomoneea 
ROBERT E. TRIMBLE, B. Se = Mrradkovocier AND IRRIGATION ENGINEER 


= a - AGRICULTURIST 
% 2 - Horricutrurist 


SUB-STATIONS. 
PHILO K. BLINN, B.S.. E - - - SUPERINTENDENT 
Arkansas V alley Station, Rocky Ford, Colorado. 
J. H. McCLELLAND, - = 2 SUPERINTENDENT 
Divide Station, Monument, Colored: - 
CHAS. A. DUNCAN, B.S. SUPERINTENDENT 
San Luis Valley Station, Monte Vista, Colorado. oy 
J.B. ROBERTSON, 


. Su PERINTENDED 
tain: Belt Station: © hey enne Wells, Colstado. 


SEEPAGE OR RETURN WATERS 


FROM IRRIGATION, 


Bees 


G. CARPENTER. 


For convenience of reference, the principal paragraphs are numbered: 


PIGOMOMNE IM POLCAB CO, cides saci c sess Sewanee GIS 


PAUUMIOULEE DOPITPISAUOD csi. <cien o's amamiad ines 3 
Biteets due to irrigationy. «22.8.5 seers. > sone 4 
The phenomena of return water,.. Di 
The present measurements, ...... 6 


Methods of gaging, 

Description of the Poudre valle 
Crops and irrigation,. Sue 
Principal canals,..... Sow Aree 
Character of the stream, Re Peele Meese erase il 


_ Average monthly flow (Table I.).. Ae eee 
Conditions affecting measurement,. Sonn en 4 
Diagram showing results (Fig. 2),............ 13 
Table showing reiation between rainfall and 

times of gaging (Table I1.),..... .... ...... 1 
Notes on the measurements,.... 15 


Detailed tables Poudre gagings — Summary 
of Poudre gagings (Table III.) . a tate 


Description of the Lower Eee: ECBO RO OSES 16 
ATC TAIMC TAT AGC 8 Gece vera capes eeto stores sels wale LU 
Bed of Platte, Monsees Selassie LO 
Location of irrigated Tand,. raya reise Spaince'ateiepater UG 
Complicating conditions, . IPE OR IO OICOMEDA OT Yau) 
Methods of irrigation,. Guanes are we 
Figure showing results of gaging s (Fig, Co ree 

Notes of measurements, ... 3 


Detailed tables of, from 1889-05—Summary, 
(Table IV.) . - 

Irrigation of the Upper Platte, . anes ceaneds 

Seepage of Upper Platte (T: able V.).. 

Relation between seepage and area irrigated, 25 

Distribution of land and water, Poudre valley, 
1894 (Table V{.) . : 


Comparison of the Lower Platte. ........ ene 
Conditions favorable to a large return in 
Platte,. ocd oe GOES E COBO Cem-<) 


Relation to water applied, Poudre,. 
Comparison by sections (Tabl Vil. y 
Effect of temperature ans able VIIL.}, 
Rapidity of movement,. 
Direct evidence scarce, 
Case at Montrose,. 
Observations quoted 
Rate is slow, ... Fs s\ate Saterieet Crise a eT ae 
Freneh experiments, asa) sacs ot laine. wig eee ee 
Formula, . Naha eee 
Temperature factor. Pate 
Velocity through soils (Table 1S, a appears 
Losses from a canal,. Bre 
The rate of movement, os atresapeer aye 
Case of the Hoover ditch, . ania Yantaraletaceidits soheceeae ae 
Other cases,..... Peers coo Annas 
Source of the increase, wivdleie-s Sialerats hapeae 
In rainy countries, ‘ arate evateletate 
No observations before irrigation, we antenis sarge 
Soil percolation and exaperaies Lawes and 
Gilbert, . peers BS CA 
Conditions in ‘Colorado,. . 4& 
Character of rainfall, and relation to evapora- 


on,. we 
Diderdow ‘of lateral streams,. aia: ats Spe ye 
Measurements to determine, 
Case of the Bijou,. saeeadae 
Table of measurements (Table xa Nir okanle wee 


Inflow and irrigation, South Platte,........ 5de 

Effect of irrigation at heads of streams ‘on 
irrigation below, Perre ns 

Are these results applicable elswhere ? tiga onan 


Italy, Utah, California,. a0 
Other investigations and d references, sp craitne 
Conelusions, .... icier ony renee oi 
Acknowledgments, « aggcisuctsislsioyslekdor enya 


§ 1. 


In countries where irrigation is practiced, it is often the 


case that, though streams may be drained dry by the diversion of 
the waters into canals, not far below the stream will again be of 
considerable size, and this without the inflow of visible tributaries. 

§2. This may become of considerable economic importance, 
as it already has in the valleys whose measurements are here re- 
ported. In the valley of the Poudre, the seepage water is worth, 
at prices at which sales have already been made, from $300,000 to 
$500,000 at the least, and the waters of the Platte from two to 
three million dollars. It is of corresponding importance in the val- 
leys of Clear Creek, St. Vrain, and others. Of such importance al- 
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ready, it promises, if the deductions of the bulletin are correct, to 
be of still greater importance in the future and in the development 
of the State. Certainly it is true that the value of water will stead- — 
ily increase. . “s 
The experience of all irrigation. countries shows that their 
prosperity is largely bound up in the water question—in the cer- 
tainty of water, in the security of their rights, and the freedom 
from abuse. They have found themselves often bound by customs 
and laws, now become fixed, formed as the practice developed grad- 
ually. We are in danger of such here, mostly from lack of know- 
‘ledge of the conditions. This bulletin is a contribution toward a 
better knowledge of one condition of water supply, which has al- 
ready given rise to much vexatious litigation, to some harmful divis- 
ions, and to some unrest among those affected one way or another. 


© 


§3. The increase which is found in such rivers is attributed to 
the inflow from innumerable springs fed and supplied by the water 
which has been applied in irrigation upon the higher lands. In 
irrigation, more water is applied than the crop uses. Of that— 
applied, some is used by the crop and stored in its tissues; more is 
transpired in the process-of growth; some is evaporated from the 
soil; a portion is usually lost by surface run-off; a certain amount 
passes down into the ground and disappears. This varies in 
amount and depends upon various conditions. Usually concurrent 
observations show that this water passes directly downwards, with 
little or no lateral movement except capillary imbibition, until — 
reaching an impervious stratum, when, filling the interstices, it grad- _ 
ually rises in the subsoil, and passes laterally with a slow move- 
ment due to the slope of the water surface which is thus formed. 
When the passage takes place through the interstices of the soil the » 
movement is very slow, much slower than is ordinarily supposed by 
those first encountering the subject. It is faster as the material is 
coarser. Where there are perceptible channels, the movement may 
be relatively rapid. 
_ $4. One of the first effects noted in irrigation where tae soil 
us pervious, is in the filling of the subsoil. The first evidence is 
found in the gradual rising of the water in the wells which may 
have been sunk. Throughout the United States where irrigation is 
practiced, the evidence is ample, for as the application has been 
made within a single generation, the changes which have ensued_ 
from the application of water are within the memory of hosts of 
living observers. In many places in the Poudre valley, where it 
was originally forty or fifty feet to water, water now stands from ten 
to twenty feet from the surface, the subsoil having been filled to a 
depth of twenty to forty feet. . 
There is sometimes a lowering during some seasons of the 
year, due to the lateral] passage of the water. The lateral passage 
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has had the effect in some places of filling in the ground until in 
some places the water shows on the surface, water-logging or seeping 
the ground, rendering it unfit for cultivation and capable of grow- 
ing only sedges, cat-tails, and other water-loving plants. Sometimes. 
on the evaporation of the water, a deposit of alkali is left, render- 
ing the land unfit for cultivation without draining. These effects. 
are found underneath the lines of ditches, so that many companies: 
insert clauses in their contracts for water or for right-of-way freeing 
the company from liability for damage of such nature. In other 
cases where contracts do not prevent, it has given rise to suits for 
damage from such cause. 


The water usually first appears near the canal, and progres- 
sively further away year by year. 


§5. The phenomenon has been but little studied. The rea- 
son has doubtless been that in most countries irrigation is of such 
age that there is no record with which to compare the condition 
now and before irrigation, and the changes due to the construction 
of canals have been lost in the centuries which have elapsed. 
There is, however, iand in Lombardy which is manifestly seeped and 
water-logged, and has every appearance of being due to irrigation. 
Pavia Canal, between Milan and Pavia, built in the early part of 
this century, has damaged much land. There is loss from the 
canals themselves, as well as from the water which is applied to 
the soil. 

Wherever the conditions before the construction of canals are 
within the range of memory, the fact has been observed to a greater 
or less extent. 

Year by year the effect is found farther and farther away from 
the canal, or from the irrigated locality, as the case may be. In 
course of time, the waters which are percolating through the subsoil 
reach the thalweg or the depression of a “draw,” or a river, and 
increase the waters passing therein. 

It, therefore, happens that the depressions or draws, whieh in 
- Colorado are usually dry before irrigation is practiced, contain liv- 
ing streams after irrigation has been carried on for some time. 
While the Poudre river varies during the year from a maximum of 
3,000 to 5,000 cubic feet per second to a minimum of 50 to 
100 cubic feet per second, or may vary by forty to eighty times the 
minimun flow, and other streams correspondingly, these seepage 
waters will not often vary twice their minimum flow. In consequence 
the water rights in the seepage channels are usually considered 
more valuable than those in the river waters. 

The particular places at which the waters come to the surface 
will generally be determined by the nearness of the underlying rock. 

Frequently the water shows in a particular locality, so that there isa 
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localized gathering area. There may be several on some of the 
channels, so that different seepage ditches may be supplied. is | 


§6. The present measures which are reported, include measure- 
ments made on the Cache a la Poudre river and on the South 
Platte, in Colorado. Most of the measurements have been made on — 
the former, and have been for the object of determining the amount 
of the increase in the stream; the relation between the increase and 
the amount of water applied; between the increase and the area 
irrigated; and to collect data which should give the means of study-_ | 
ing these facts and other phenomena of the return of the waters. 
The measures on the Platte have been for the same purpose and in 
connection with the office of the State Engineer of Colorado. Toa 
greater degree, the measures on the Platte were taken because of the 
light they might show on certain inter-state questions which have, 
or may arise. and on some points that could not be decided from _ 
the Poudre alone. 

The present and future importance of the inflow was under — 
estimated. In the course of the measures, the facts determined 
have led to much wider and more useful application than was 
anticipated during their progress. 


METHODS OF GAGING. 
§7. The points at which gagings were made are scattered over 
a distance of 200 miles by the river, without following its meander- 
ings. The distance to be traveled by road is much in excess of this; 
and the distance is made longer for the reason that the highway 
does not follow the river, and at many points the headgates and 
places of gaging are not easily accessible. Some roads cross 
fields and, until an intimate acquaintance is gained with the river 


and the special by-ways, time is lost in passing from one point to— 
another. 
' 


_The first measurement on the Poudre was usually made at the 
gaging station in the Canon, about 12 miles from the College, at the 
point indicated on the map [page 16]. On the way the ditches on one 
side of the river would be examined and the in-takes measured. 
Where the water exceeded more than a few inches in depth in the 
smaller channels, or where there was sufficient to measure by the 
current meter, the meter was used to determine the velocity 
and thus determine the amount entering the canal. In cases where 
the canal was small and the in-take at the time of gaging was lit- 
tle, surface floats were often used, and the mean velocity determined 
in this manner. While not overly accurate, the results obtained 
can usually be depended upon to within a few per cent., and the 


19} arr 7 ) 
absolute error where used is too small to make any appreciable 
effect in the general result. 
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In gaging the river at the regular gaging station, which 
is at a point in the Canon above the headgates of all the principal 
canals, a tape is stretched across the river between points on the 
masonry side walls and the depth of the water-at each one-foot or 
tio-foot interval measured throughout the entire width, which is 
very nearly 100 feet. Then observations were taken with the cur- 
rent meter, usually at two-foot intervals, sometimes at less, across 
the stream. As most of these gagings were made at a time of low 
- water in the spring, or low water in the fall, the meter has been held 
by hand and the gager has waded the stream. At other points on 
_ the river where gagings were made the method has been essenti- 
ally the same, although the cross-sections have not been as favor- 
able as at the gaging station. It is not thought, however, that any 
material error has crept in from these sources. In the notes on the 
measurements some individual sources of error are noted. 


DESCRIPTION OF THE POUDRE VALLEY, IN WHICH THE MEASUREMENTS 
WERE TAKEN. 


§8. The measurements have been made on the Cachea la Pou- 
dre river and also on the South Platte. The “Poudre,” as it is called, 
is the river which drains the valley in which the State Agricultural 
College is located, and is, therefore, the most easy of access for the 

purpose of this and similar investigations. It has the additional ad- 

vantage of being one of the largest irrigation streams in the State, and 
one which has been the best used for irrigation purposes, and where 
irrigation has been carried on as completely and successfully as in 
any part of the United States. There is in addition as large a body 
of land irrigated in one tract as anywhere in the United States. The 
phenomena observed are, therefore, found under conditions of irri- 
gation on a large scale. They are of great economic importance to 
this valley, and may be expected to hold true of other valleys under 
similar conditions, and where irrigation has been practiced as 
long as it has here. 

The map in the inset [page 16] is intended to give an under- 
standing of the conditions which may affect the return waters in 
this valley. The gaging station is indicated near the left of the 
map, below the junction of the north Poudre with the main stream. 
The only canal above this point which needs consideration is the 
North Poudre canal, shown on the map, irrigating some 4,000 acres, 
principally in the valley of the Box Elder. 

The main trend of the valley is to the southeast. Near the 
stream the land is low, the bottom land varying in width from one- 
half to two miles. These bottoms have been occupied in times past 
by the bed of the stream, which is subject to shifting at times of 
high water. With the decrease of floods, and with the use of water 
for irrigation, the changes are less. 


~ 
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As we pass out of the first bottoms, we reach successively two 
or three terraces, or mesas, which ‘are generally sandier and 
stretch back for varying distances. On the north side of the stream 
the watershed extends many miles,.and the streams here indicated — 
as Dry creek, Box Elder creek, Lone Tree creek, and several 


smaller channels, are simply ravines or depressions which at times | 


after storms are filled with water and may become at such periods 
raging torrents. Ordinarily their beds are sharply marked and 
have a clear tributary country ; they are entirely dry, giving almost | 
no indication whatever of water. After their channels cross the 
lines of the canals and enter the irrigated country, these streams — 
begin to carry running water. 


The lines of the canals, which follow approximately contour 
lines, indicate by their bends the general character of the country 
and the slope. On the north side of the river the land, as a whole, 
is more uniform than on the south side. Nearly all the irrigation 
is, therefore, confined to the north side of the river; the exception 
being in the region near Fort Collins, and a little space near 
Greeley. Between the two there is a rougher and more broken 
country on the south side of the stream, not easily reached by 
canals from the Poudre. 

On the south side, the divide which separates the Poudre from 
the Big Thompson is but a few miles from the main river, and as. 
we reach range sixty-eight, the location of the divide is indicated 
closely by the ditch which takes from the stream. to the south. 
Some of the waste of this canal passes into the Poudre river. To 
the west, the drainage on the south side, even the mountain drain- — 
age, does not flow into the Poudre to any great extent, the lateral 
valleys being nearly all tributary to the stream to the south. 


The foothills are near the western portion of range sixty-nine, 
following a line a little east of south. The first ranges, generally 
known as hogbacks, are formed of gray sandstone, and very shortly 
afterward the granite is met with, forming the foothills of: the main 
Rockies. The sandstone appears in ridges, and even on the plains 
for miles the same general appearance may be seen in the buried 
ridges which traverse the country from north to south, and made 
eviaent on the map by the intermediate valleys, in which flow 
streams like Dry creek, Box Elder creek, etc., approximately par- 
allel for a long distance and separated by pronounced ridges. 
These ridges sometimes form natural. basins, which have been: 
largely used for storage purposes. As the amount of water there 
stored affects, to some extent, the amount of return waters, the prin- 
cipal reservoirs in use are indicated on the map. 

$9. As the length of time that irri 
together with the distance of the 1 ' 
ant element in the 


ation has been practiced, 
and from the river, is an import- 
amount of seepage, a fuller description of the 
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valley is needed with reference to its irrigation. The crops grown 
in the valley are principally the cereals, alfalfa, and potatoes. Pota- 
toes have been extensively grown only during the last few years, 
and the greater part of this crop has been grown near the lower end 
of the valley. The upper end of the valJey is confined almost 
exclusively to alfalfa and grain, with some market gardens. The 
distribution of the crops affects the application of the water, both 
in amount and in time of application. The grains receive water 
early in the season, and rarely any after July 1. Alfalfa receives 
from one to three irrigations, commonly two, one often in May. ~ 
Two will be given, then, and if late water be sufficient, a third in 
August, after the second cutting ; this is by flooding. For potatoes, 
the ground may be irrigated before plowing. If not, then irrigation 
will usually be commenced in July or early in August, and is 
practically over by the end of the first week in September, the 
active period being confined to five or six weeks. With the crops 
thus grown, irrigation extends from May to September, with minor 
quantities applied to orchards and gardens both earlier and later. 
More water is applied in June than in any other month. Until the de- 
velopment of storage capacity by the construction of reservoirs, the 
aniount of water applied in August was necessarily limited by the 
stage of the river. Since then, more is applied, and this being for 
potatoes, is largely applied to the section composing the east, half 
of the valley. 


$10. Of the canals shown on the north side of the river, the 
Cache ala Poudre No. 2 is the oldest of the large canals, being one of 
the original Greeley colony canals. The land irrigated under the 
Cache a la Poudre No. 2 has been almost fully occupied for a num- 
ber of years. Some of the land near the upper end has become too 
wet to need water, and the stock representing the water hitherto 
applied to this land has been sold and the water. is now largely 
applied to land lower down the canal, and largely drains into the 
Lone Tree creek, which empties into the Platte just below the mouth 
of the Poudre. The Larimer & Weld comes next in point of 
time of construction, dating from 1879-81. Itis the largest of the 
ditches, having an appropriation of 720 cubic feet per second, and 
a capacity still greater for a portion of its length. The amount of 
land brought under irrigation from this canal has largely increased 
during the past few years. The Larimer County canal has been 
still more recently constructed, and waters the country still farther 
from the river to the extent of something like 16,000 or 20,000: 
acres. Owing to the later appropriation of this canal, and the low 
stage of water in the river for some years, this canal has not been 
able to apply as much water compared with its land as the others 
mentioned, until within the last few years. Recently, by the devel- 
opment of their system of storage reservoirs, combined with the 
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-construction of a canal bringing water from the watershed of the 
Laramie river, this canal has been able in 1894 and 1895 to secure 
‘an amount of water more nearly comparable with the others. 


On the south side of the river the canals are mostly small, and 
have irrigated essentially the same land and the same amount fora 
number of years. 


The other canals of the river have not changed to any great 
extent in the amount or the distribution of the land irrigated, 
for eight or ten years. It will be shown later that there is reason to 
suppose that the water passes through the ground at a very slow | 
rate. Hence the amount of the land irrigated and the time when 
brought under cultivation will make some difference with the 
return waters. It seems probable that the seepage due to much 
-of the land under the Larimer & Weld canal, and from the 
Larimer County, as well as all from the North Poudre canal, has 
not yet reached the river. 


The point where the weir is placed at the canon isin a granite 
formation inside the foothills. Within a short distance, the Poudre 
passes out of the granite-and cuts across the upturned edges of 
sandstones of the Jurassic and Cretaceous periods, and its course 
from this point until it reaches the Platte is across the 
slightly upturned edges of the strata, which are mostly shale and 
some sandstone. In some places these form marked ridges across 
the country, extending slightly northwest. Their effect will be 
noticed in the map in the case of the drainage on the north side of 
the Poudre, where many of these small streams extend to the north 


for a long distance. The canals show the contours approximately 
-as far up as these go. 


CHARACTER OF THE STREAM. 


$11. The character of the stream is essentially that of all our 
mountain streams, as its source of water supply is in the 
‘snows of the mountains. It is low in the spring, increasing from 
April to the middle of June, when it reaches its highest stage; then 
decreasing, reaching its low stage again in September. It remains 
low during the winter. Its maximum discharge may vary from 
3,000 to 5,000 cubic feet per second. Its average winter flow is 
from 50 to 100 cubic feet per second. Its average flow is shown in 
the following table, the averages being made from records of from 
three to twelve years for the different months: 
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TABLE I. 
CRETE Veta ates core SE eee A 110 cubie feet per second. 
BIOOVUA EY eS .-aca lds cue 83 6 
IVEAECR et aye ec srs vere ene TOES se ug s 
PANT levesiars hte aks ele emcees Ole ees eee ss s 
NEVE Pact. ciibc LA ee TCE 1245. 286 eS reet : 
UIUC Se Gene aN Beh eae AOI ieee ss ne & 
OUTS AA sean Se catch osc Ae see ne ee IeOTS aa ie iA se 
JEM OICAVIETR RAS ama AR in DA GS 3028 5 ie ms - 
MOP USMAOT i s..clMiets caro kneel nares 1735 pee ag “ 
OctoOberens se oo ac pees 136 i eal 6 
INOVOMUIECE A eomcre Hekate Seats eee eae ae 


Mecem bers, vce hace ae ie 7 


CONDITIONS AFFECTING ACCURACY. 


$12. The stream itself is subject to fluctuations, which, how- 
ever, are more noticeable at times of high water during the sum- 
mer than at low water, or at the times at which measurements 
were made. When the snow is melting rapidly the effect of the 
daily heat is to increase the quantity of snow melted and thus 
mcrease the height of water in the river. This makes a very per- 
eeptible daily tide, the hour at which it reaches the gaging station 
varying according to the stage of the river and the distance from 
which the water comes. When the water is low, the daily rise is 
fater than when the water is high. With high water the greatest 
height occurs at from 4 to 6 o'clock in the morning; with a low 
stage of the river it may not be until toward evening. After the 
principal snow fields are melted the effect of this daily tide is small, 
go as scarcely to be perceptible upon the self-registering instruments 
which are located at the gaging station. At the dates at which 
gagings have been made for the purpose of this investigation, the 
tide has been very small, the greatest in August, 1894, and has 
been neglected. Even if not, inasmuch as the greater portion of 
the river is taken into the canals belore many miles, the quantity 
ef return waters found by the measurements would not be affected 
thereby. It is of small importance, as the greater quantity of the 
yeturn waters has been found to be near the lower end of the river. 

Errors in gaging might introduce some errors in the results, 
but the relative values should remain the same. The meters, how- 
ever, have been rated in still water, and the constants determined 
eften enough to indicate that the constants have been nearly the 
same. ‘The meter usually used has been the “ Lallie Meter,” made 
im Denver, Colo. Sometimes a meter made by Messrs. Buff & 
Berger, of Boston, Mass., has been used. 

e The omission occasionally of some of the ditches draw- 
img water from the stream would induce an error, but it is not 
believed that such an error has been committed. 

If a portion of the returns by the various creeks and sloughs 
were waste water instead of seepage water, the quantity found would 
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be reduced correspondingly. The amount found in these streams is 
here given in parenthesis (though not counted), and the effect can 
be easily seen. ah 

Without having determined the actual origin of the water in 
every case, it is believed that in no case is any of the water derived 
from above the ditches. 

$13. The diagram, Fig. 1, shows graphically the amount of 
return waters as found in the different measurements. The 
horizontal distances, or abscisse, give the distances in 
miles from the gaging station. The vertical distances, or ordi- 
nates, indicate the amount of return waters in cubic feet per second. 
The vertical lines are drawn at the principal points of measurement. 
The distances have been measured, not along the curves of the 
river, but on the map, taking generally a straight course across the 
bottoms, because it is thought that the amount of inflow will not be 
increased by the curves of the river, but rather will depend upon 
the straight course of the river, other things being equal. The 
different lines indicate the different measurements. It is 
evident that there is a general agreement between them. 
There are some marked exceptions, which it is difficult 
to entirely account for. The small amount of inflow in the first 
ten miles is noticeable in the eighth and ninth measurements, 
while in all previous ones it had been considerably greater. A 
decrease between the seventeenth and twentieth miles is noticed 
twice, and once between the seventeenth and thirty-second mile. 
Notwithstanding the minor discrepencies, there is a general 


agreement, especially during the last portion. It may be seen that 
the total inflow does not vary much. 


: Several of the measurements were not carried beyond the 


Ogilvy ditch, which is several miles from the north of the river, and, 


therefore, the values found are less than had they been continued 
to the mouth. 


$14. Table II. shows the rainfall in connection with the 
gaging, so as to give the means of judging as to the effect of the 


rainfall of the previous and the current year upon the amount of — 


inflow. — The headings of the columns sufficiently indicate the 
quantities given. Thus, column 3 gives the amount of rain which 
fell during the calendar year up to the first of the current month 
of gaging, and the fifth column is the amount of precipitation 
during the month and previous to the time of gaging. There 
does not seem to be any particular connection between the wet 
and ‘dry seasons and the amount of return waters. a 
With a high river, the amount of water applied is more than 
when the river is low, because in the latter case there is stintine of 
water and much land does not secure enough for the needs of the 
crops, far less than enough to satisfy the owners ; hence, we may 
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expect that the high years of the river will tend to increase the 
amount of water that is applied, and likewise the amount of water — 


~ 
~ 


that returns in the form of seepage. 


— 
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TABLE II. 
ee Rainfall to . ¥ 
hainfal) of : Rain ; 
Deavioue. they of During Rain Immediately _Rain 
YEAR. Calendar host oF Current efore During 
Year. Month. Month. Gaging. Gaging. 
1884.. Pee rs aes EA 
1885 15.98 ae Poe Ee Stir aaie. ROAR ORS acon oss See 
1889 9.79 10.88 3.16 0.34 . 09 
ESOS ccis.s 6: saree 14.48 12.42 0.70 0.70-week before gaging Sad 
iE Se cee 18.58 14.43 0.20 0.19-8 weeks ‘‘ * 0° 
1892, March. .:.:...5.025.. 15.69 1.89 1.52 0.83- week ‘ oe 0 
1892, October ... ....« 15.69 13.94 0.93 None 0 
iho} IR ace peed Gana 15.45 6.28 0.16 None ‘0 
1894, March...........- | Tad 0.85 0.67 one 0 
1894, August........... vie a 9.17 2.53 .08 0 
1894, October.......... nats 11.46 at. None 0 
EP Galen sk O RGSS ayes alana 12.36 16.60 1.06 None 0 


In the measurement of August, 1894, irrigation was still being 


carried on quite extensively, especially for potatoes, the most of 
At this 


which are raised toward the lower end of the valley. 
measurement, it is noticed that the total increase is greater than at 
any previous one, amounting to 118 cubic feet per second. This 
would seem to show either that a considerable portion of the water 
returns in a comparatively short time to the river, or that there is 


some waste which returns directly. 


During the past few years, 


there has been an active increase in the use of seepage water for 


irrigation by the construction of drainage ditches, which in some 
cases extend back a number of miles. 


The effect of this isin most 
cases to cause the water to be applied to the ground nearer the 


river than where it is cut, and thus the water is developed and 
hastened in its journey to the river. In some cases the ditches are con- 
structed and deliver the water directly to the river, so that the water 
returns sooner than it otherwise would. 
sequence a greater development of the inflow during the period 
immediately succeeding irrigation, and less during the spring fol 


lowing. 


We should expect in con- 


NOTES ON THE MEASUREMENTS. 


S 15. The first measurement of the river was made by Mr. EL 
S. Nettleton, when State Engineer, in 1885, with the aid of Hon. B. 


CY X . . . . . 
S. LaGrange, then Water Commissioner of this district. 


measurement was made in October, 1885. 


ceased. 


n . ‘ 
This was at a time when most use of water for irrig 
A special attempt was made to get 


The 


gation had 
all ditches to shut their 


headgates for the period of the measurement, which had been done 


very generally by the ditches 
was only the leakage that pas 


‘ 


, So that the amount entering them 
sed the gates. No account was made 
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of the water entering the stream by the small channels, which is 
given in the later measurements. The assumption was made in, 
this, as in several subsequent measurements, that this water was all 
seepage water, as, in. fact, the investigations of later years have 
seemed to show. 

The second measurement was made in October, 1889, under the 
direction of Mr. E.8. Nettleton, then Supervising Engineer for the- 
U.S. Geological Survey, and Mr. J. S. Greene, State Engineer. 

he inflow determined by this measurement was 99 cubic feet 
per second in the distance from the gauging station to the mouth of- 
the Poudre. This is a little greater distance than measurement, 
Noz <1. 

Measurement No. 3, was made in October, 1890, by Mr. L. R. 
Hope and Mr. E. C. Hawkins, representing J. P. Maxwell, State: 
Engineer, and Col. Nettleton, of the U.S. Department of Agricult- 
ure. The total amount of inflow is very nearly the same as imthe 
second measurement. 

The fourth measurement, made in the latter part of October,. 
1891, was made by this Section in co-operation with the State 
Engineer’s measurements of the Platte river, with which the Section 
also co-operated. During the first day. Mr. Trimble assisted and 
then joined Mr. Hope at Greeley, helping him take the measure- 
ment of October 29th, from Greeley to the mouth of the Poudre, 
and thence going down the Platte, assisting in making these: 
measurements. In this and the subsequent measurements which 
have been made by this Section, each measurement has shown some 
features which it has been desirable to avoid, but which it has not 
been possible to do. In order not to interfere with the use of water — 
for irrigation, in this and the subsequent measurements no 
attempt was made to regulate the ditches themselves. The time, 
however, was chosen so that the use of water in any ditch was 
nearly constant during the few days devoted to the gaging, and 
the irregularity, if any, is so small as not to affect the results derived 
from the measurements. There is one measurement, however, to: 
which an exception may be made. This is No. 6, of 1892, during 
which time the river was constantly affected because of the trading | 
of water between the Larimer & Weld canal and a mill at Fort 
Collins. Each had some claims to the water, but not to the full 
amount, hence it became mutually convenient to the two parties to 
alternate the water, so that the mill used the water during the day 
and the canal took the water at night for storage. This, therefore, 
caused fluctuations in the streams at points below the Larimer & 
Weld headgate, and hence caused some of the discrepancies which 
are evident in this measurement. Thus, on October 6th, at three 
o'clock p. m., the river below Strauss’s bridge had fifty-four second 
feet, while the next: morning, at 11 o’clock a. m., it had but 
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. * 
twenty-one. This is due to the water entering the canal during the 
night, and the day water in use by the mill has not yet ‘reached 
this point. It is not thought that this fluctuation materially affects 
the indicated inflow at lower points on the river at that date. 

The measurements made up to this time indicated that 


the inflow was approximately the same. Inasmuch as the 


measurements had been made at only one period of the year, it 
seemed desirable to know whether or not the amount of return 
waters was the same at other seasons of the year; hence, beginning 
with the measurement of 1892, gagings have been made during 
the spring, when the conditions were favorable, as well as in the 
fall. 

The fifth measurement was made in March, 1892, at a time 
before the canals had used mueh water for irrigation, but still when 
most of them were drawing some water, either for domestic pur- 
poses or for. irrigating fruit and garden lands. All streams or 
ditches which contained water were measured and are indicated in 
this table, as in subsequent ones. In case the streams were bringing 
water to the river which seemed to be derived from seepage water, 
thus finding a way to the stream, the amount of the gaging is 
inclosed in parenthesis; and is not counted in the summation, as it 
is considered only another way of the water returning to the stream. 
The source of these waters has not at every gaging been investi- 
gated, but, in several cases, and at different times, we have traced 
these sloughs and creeks to their crossing with the outermost ditches, 
finding in every case that there is. not a stream above the ditch. 
In some instances the quantity here given may include some waste 
waters. In general, the amount is insignificant, although in the 
measurements of August, 1894, there may be some to be thus 
considered. 

In some cases the out-takes of ditches are inclosed in paren- 
thesis. These are cases where the water returned almost imme- 
diately to the river. Frequently the measurement was made, and 
the fact of the water returning was discovered afterwards as we 
passed down the stream. 

In several measurements, as in 1895, it was not possible to 
complete the gagings without intermission. In’ these cases 
the increase was found for each section. In several cases wherever 
Seepage water had been collected in a lateral channel or drainage 
ditch and was found running into the river, it was measured and 
noted as a matter of record, and is found inclosed in single paren- 
theses. Where this was caught in another channel, and did not 
reach the river, it is inclosed in two sets of parentheses. The water 
is thus found coming from the Big Thompson ereek. 


e c= 
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GAGINGS OF THE CACHE A LA POUDRE RIVER. 
(In cubic feet per second.) 
Measurement No. 1—Made by E. S. Nettleton, October 12-15, 1885. 
Place of Measurement Out- 3 ik River Gain No. of ae 
t B 5 Q 
take. ES Miles. Mile. 
ion 
|River at Gaging Station.. Baran tered ere iad 127.609 
Pleasant Valley & Lake canal . Spore or 1.75 dha rca 
Larimer County canal.. RR re 0.58 
Jackson ditch . 0.266 
Little Cache la Poudre ditch........... 1.00 
Larimer Cotmty’ Not 2.cemalss (he aise 0.584 
New Mercer canal .................. 0... 0,228 
Mort. Collinge catal fivacietonndsces jak 1.14 
SUL tatacinniectis cee Ger abe Mban ee 5.498 §|122.111 
* River. 234 miles above Fort Collins....... |  ...... aes 133.973 | 11.862 | 7.25 1.64 
ee Weta "canal Se ee ne 1-731 ee Ha Sinclee nets Bons Suh 
Pioneer ditch Dale Siva tayo a tie cee ce we 2.60 
PATIO B TOLGC kisi a cans aa ce ae tarseoe ya sx sete 0.69 
Lake canal.. et ne eee es 1.248 
Cache la Poudre No. 2.. Se eta 3.216 
Ue seen aca oieag Shawn tants 9.485 124,488 
| River at the dam polow pee DASA ie Gl (A MeO ahs 149.y85 | 25.497 | 10.10 2.52 
The Whitney ditch . Fe ee at a 1.583 eee Pies aie mons Rae dates 
Mhrooleye NO ey Calais tanec cceiaele 5.870 
OLE crore eaitereeune sioise-siete ale Ousyee 7.453 |142.582 
) River. 4 miie below Ne. 3.......... Ree ee acercrics 122.908 161.863 | 19.331 | 12.25 1.58 
eins ditch .. Gaanuee 38.955 wae ae we Sete ewes 5 
‘River, 4 inile below. Ogilvy ditch....... noe aac 153.117 | 30.209] 5.6 5.39 
ES Da (ie ea lps Bie eats | 86.90 35.0 2.48 
Measurement No. 2—Made by. L. R. Hope and H. C. Hawkins, under direction 
of EH. 8. Nettleton, October 14-17, 1889. 
| River at Gaging Station. . Bowie yall tee recor Heer 68.723 
Pleasant Valley & Lake GAitaliat ae 14.781 see ove pathisse 
HMarimer: County’canal ......65..5. so-0 818 
Jackson ditch . etre ee 5.288 
Little Cache la Poudre ditch............ 6.968 
Taylor and Gill.. a cubee 2.577 haere, Pecieteaae 
Larimer County No. 2 canal.. Bpciee 12.425 Wen ees eres 
Fort Collins Water Works.............. 875 Wargiee Mic pee clee weitere 
Arthur Irrigating Co. canal............ 650 uc ietateta eevee 
Warimer’'& Weld Canalis: ...- 2.00 «60. 3.040 oe Meats ees 
(SiMe tea ee eens ce oe vad caydcoace oars Aa 2 cee et OO Lea merece eels 
’ River, below L. & Me een: Seemeinere sea ee sare Yas 82°571 | 115270 |" 7225 1.55 
Pioneer ditch.. Ba ec aelh ave Bakes 1.746 Prices eee eee ee = is abs 
Josh Ames ditch.. WN ore 15 ecateneereneitas 1.378 Ree all amas eae 
Biitve: Maer CANA lh vas cm rarest acirreoin He bers 1.500 Nee thee Mar Phe fers 
The Arthur canal . SALA ARES Se a EON aa etal he cea 
Box Elder ditch . Suave 6.555 SS oa heer Sarno 
Bar Cache a Poudre Canal No. 2.. Brae 55.184 Eon |e conaecone 
‘ Tera Rk RR ol Ty Ce ae 
E@rivor, Delow NOs 2 GAM sce ccnssccstcacsess |) > cage suite 1.500 | 36.789 | 10.10 8.64 
WMI EHOY VOLOCNina cacmect te naiiacumteersircte’s 2.285 Malian lhe cesisaateres wate wees Meets 
Haton ditch. . Ueland vue ercsine .800 AA agn Macnee mes 
Greeley © anal NGM D ere tame os sat 9,835 Beate Mike alec wolere 
Oethyyditobicarentacsssctase ceccmtevacces 30.098 ee nat NES eet 
Sum . eiRcihata: ds) clotentelapeicieid'siea st nid <iose's 42.518 |-41.018] ........ 
. River, below Deny gaa ATO iy ATTIRE GAPOSOTE Bviste 3.480 | 44.498 | 17.50 2.54 
a BEMpOL MINOT IPOUUM cesta tela avs scostalee ac liinsies [yy seas ce aaa 9.887 6.407 |. 3:75 .| 17.09 
a ea 
Totals...... 157.800 mA. saeesess | 98.964 | 88.60 2.56 
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GAGINGS OF THE CACHE A LA POUDRE RIVER. 


(In cubic feet per second.) 


Measurement No. 3—Made by L. R. Hope and EH. C. Hawkins, October 


16-18, 1890. 
Gain 
I No. of 
Place of Measurement. be a foe Miles. | er 
River, at Gaging Sistion': Day eiare oN cate 
. Canon ditch . Rouhirante 975 
Larimer © ‘ounty canal.. sietea 2.849 
Jackson ditch .. ; 4,125 
Little Cache la Poudre canal. 4.016 
Taylor and Gill ditch. . eticiehe§ . 700 
Fort Collins Water Works.......- 383 
Larimer & Weld canal.. peareee| LOneOL suse 
Bers ee ecsicne cieix od odes tc'i| OO Nd10) GW aeeneee aD te say 
| River, below Larimer sed Garis lee ates Seere nates T7117 | 25.79 7.25 3.56. 
Riddle ditch. . ef aidaee 106 Adc Seat Ali unmatnereiee Rents oe BONS 
i Josh Ames ditch. Sau ome. 6abe 1.000 200% atta al) anogobes 
The Lake canal.. A Gorin 1.040 seers Semen PRB trae 
' Uoy ditch . aia, seize etccraste 973 Tare rae WAR 
A Box Elder ditch .....2..:c0..ss++- 5.7380 cate ees cuit 
F Cache la Poudre Canal No. 2..... 79.867 Soe Soa iroddaapon 
ie: (Sickert See Occieaeice ateee sone 88.116 |) cane =L2500 sl sere ms 
a River, below No. 2 cunal.........e0-}. wees Fa ep 2.060 | 13.66 | 10.10 | 1.35 
4 River, above Greeley (Pump House) et sels ete 19.308 | 17.25 | 15.0 1.15 
bi iRiver, at. Ogilvy. ditoh.: os.:6. seies tli sense ae mite Boor 40.180 | 20.87 2.00 10.43 
an RTLVy CCG mascerncece eee nes 30.675 does hohe dre ar site ee 
River, near mouth 4.03 ecccas sess Hefheree eis avon 82.729 | 23.22 4.(?) 5.80 
f Tofale.ics.:.| ac blan a eee eh Seek Mia ae 100.79 | 38.35 | 2.68 


.S 


Measurement No. 4—Made by L. G. Py eos and R. E. Trimble, October 28, 
and by L. G. Carpenter and J. D. Stannard, October 29-30, 1891. 


ee eas 


i River at Gaging Station . sheaves | (tas laleeie sane aaiea 97.58 
% Canon, Qitoh.c25c sites sneer ees 08:5 2 RS Aeeesaen ines eee 
~ Pleasant Vailey & Lake canal.... 6.999, "1.28 BRAN ere cima | ena 
% Jackson ditch.. wares (ORR ares yy | sarin adaaee 
&4 Little Cache la Poudre ditch ..... 6.212 °5\ eet) eee eaeceee 
7 Taylor and Gill di'ch............. 2236). eS. itee Mle Breeesn let acai 
| Larimer County canal Jadot hentncied 1.00. ieee aren ug peewee 
a} New Mercer canal . wields 0-7. Lae Al Spates, lls Saye ]|— oe eters uel Remeron 
bf tort Collius Water Works........ 0.30. Sh eee eters wilh, moebatins 
ni Larimer County No. 2 Gant Breen 1642 WN cota calles : 
ie Arthur ditch.. Be iene 1.82 S 
% Larimer & Weld canal. Jean MASSBO cee a Madeekeere : 
@ SSC erate stucyantacrc anes emer 61.45 ample 86718) seekiee 5 J 
ty i 
f River, below L. & W. canal ........ aoa ie see 54.39 | 18.26 7.25 2.52: 
x BLOnosE rd uGhie as. nawaneccneuons 0.0 ee Bh aie Walle Scteaeiees aie 8355 os 
NM wosh Ames iditehy.., 5506s. cae oeeccs 50 ae saat UI Meee ‘ee %: | 
he Lake. oatal.......0.. ccc secs: “24 Rei ase tos as alilsesce a arene 
x UO VRUNUOL Ne Neo Ne ucus ce RON 1.60 ete weiss Sets ee cate | 
i | Box Elder ditch..... hanes 3.78 Nae Rass See | 
4 Cache la Poudre No. 2 canal ...... 50 eae Re etek <8 ae “oe ea | 
tS UIT A SE RRS ay a eee 6.62 See 47.77 Sa eRine aes Chats secs 
isorrntihend Of INO .i2o:cecscarinsceculinee ce s i 
Wihatney dite: i... eis.e ccs eee 0.0 * iy ae athe alt he ies 
Eaton ditch.. See 1.42 Es a ota Se a bad per ee 
CGC Nid eR EMCesononeEecer EMEA h Gey Ics i ow. 
Greeley No. 3 canal. ae Kueeuh = Oasee: a ae eT 
Boyd and Freeman ditch... .... 2.42 aie Ae ee 
POUT 8s Eaisicaicnvicth sites neee ee aROG Te 0 11.69 
River, near Pump House............ |. 15.8. |—5.1 15.0 ; 
Poudre below Greeley. ............ fack J ‘ 3. y 3 2 
MOLLOY. GUGONW: 5.0 vrai, scaea eee aan een 18.12 nail (ai At fs 
IVA EO tacit tii Dacalevik Gk KA Soa ribrincle tert ee 5.88 ee ~ ed 
BLVOD; HEAL MOU ein c naw taniesuncilneeee a "60.72 | 19.40 4.25 4.56 | 
Totals aay ah | 


Dp. 


=a F 
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GAGINGS OF THE CACHE A LA POUDRE RIVER. 


(In cubic feet per second.) 


Measurement No. 5—Made by L. G. Carpenter and J. D. Stannard, March 10, 
and by L. G. Carpenter and F. DeVotie, March 11-12, 1893, 


Time. Piace of Measurement. Out- In- River. | Gain. | No.of er 
take, flow. Miles. ile. 


Maro 10. 

River at Gaging Station............ | ...... Rent 65.02 

ewe Stone) Creek. icccs weneteetnn ames OF50 i) oer kan 
Canoncatteh.s moe. see i) seen 

Pleasant Valley canal... 4 

Jackson ditch. . ; 2 

Little Cache la Poudre ditch. il 

Taylor and Gill ditch......... 0 

Fort Collings Water Works.. us 0 

Larimer County diteh:: 22.204, .. 0 

Bee en 0 

0 

0 

0 

0 

2 


— 
ao BS2S8 


eats Jrarimer County No. 2.. 

j New Mercer.. 

MAroe 11. 
Larimer & Woe Cees 
Pioneer ditch.. eehstes aoe 
Wakorcanall soho. canciersccrtaesucreaen 
Coy ditch.. A 
Dry Creek diteh. 
Ames slough.. MRC Actions 
Cooper slough... Ceaser ciel trtie 
Box Elder creek. . 
ring 1CHGOk yacine lec nrc is 
Box Elder ditch.......+...-....... 
F.ssil creek. . Ben esr 
Near Whitney ditch.. 

Marcu 12. 
at Ome. 5 test sdenssesise serie scree 
IWibttDeyGiLClis asst tne cares oe etiee cre 


a pe wees 


tf 


River, near Eaton ditch............ 
Near Fulton bridge. .... 
Inflow above Briggs. . 
Infiow near Whitney ditch. 
Jones ditch.. 

Inflow opposite Jones’. 
Inflow near Fletcher diteh 
Greeley banal Ne, Bis fe 


57.31 | 20.35 2.82 


im Howscere. sos . 
River near Pump, house Sen acon Onan 29.06 | 12.0 2.42 
Ogilvy ditch. . doe saan eee oe aera 


River below Ogilvy ditch.......... 9.74 2.50 8.89 


Molalsc se lane ea gl re a 96.11 | 34.85 | 2.76 


Measurement No 6—Made by R. E. Trimble and J. D. Stannard, 
October 5-8, 1892. 


OOTOBER 5. | 
pe m.|River at Gaging peace pelsbikcfenieceaull wetauetess wants 62.92 ae ete ee 
Canon ditch.. rey tests aataoa ata 08 rene haere eee bese SA el ee Bee 
Jackson kCHER eect eee 4.51 coe Wal eee ad Been ona eee 
Little Cache la Poudre cae Seam .18 capitan MRCe eee waa rata litres 
Taylor and Gill ditch (or Mes 6.25 aC. Gent ao Dake Nant heme 
Larimer County ditch Mugiemates 0 Hane ilk east woes iva ae 

New Mercer canal.. ae 85 Peron ea eee 
Fort Collins Water Works... 28 Soe | ae nee Pas Rey 
Larimer County No. 2 canal. 36 BP aes Pheer x. Aa eae fits 
GinnT Eb adtataehs sarereciscr saisia hicissertesl TAR OG PP ee a eae cad sare 
.... |River 100 yards above L.& W. canal] ...... Ook: 66.33 15.37 7.25 2.12 
5:30 Larizaer & Weld conal... ...... 58.86 “foe al Omen Bey ritafe aha 
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GAGINGS OF THE CACHE A LA POUDRE RIVER. 


(In cubic feet per second.) 
Measurement No. 6 —(Continued). 


i , it: Out- In- River. | Gain. |No. of | per 

“adi be pain he Mea take. | flow. Miles. | Mile. 
=. «6lRiver‘bélow L. & W. canal. -.0.0...0 |) cases. Sea 5.95 

OcToBER 6. ; 
Saas Pioneer ditch, near eA OS OL sanast tl Sesteatens “gs S500 aS 
eee Josh Ames ditch 4 aaeens .89 5 
cts The Lake canal. 2.00 ‘ 
Ai tie Coy ditch.:... ( 74) s 
PCDI cpascral eter enn ciesiogsiaraeevtonets 2.90 usted peste. ena ass Ha 
y Noon. |River, below Lindell Mills......... | .....- Ore *.60 | 3.00 J 
amet Dry ditch..... (.95) Shan waste on 
A he sloden te aes Be 
2 ooper sloug a. oe 
A Box Elder creek (2.90) ve 
2 Rpriie “Creeke: 4 Baten fags enous eee (1.25) : 
= Box Elder ditch. 2.14 asad on 
Sima cenahy siete croclecelets oiceineene 2.14 side fae erie. seas Cane aoe 
3 p.m. River, below Strauss bridge........ | ...... 8.51 4.75 | 0.74 ; 
OCTOBER 7. 
11 a. m. River below Strauss bridge.. ...... | ...... cues A 
S45 Inflow below Strauss bridge......] ...... (.02) ) 
Cache la Poudre No. 2 canal. 1.98 ae fs 
OMI vaecivs sae stenyes oiwentertyaee OS mt Melacrar asl esa ete RAGS Beste 

Noon. 'River, below No.2 canal........... | ...--+ sae 252°!) 2,40" |) Oba 

ah Wisedd) creeks: tah lae in eens ee eee (1.33) sith sete as 
Whitney ditch........... 2.72 we Sores as waren 

2 p.m.|River, below Eaton ditch. .......... | ....-- 5.97 | 800 | 1.99 
438 Jones ditch..... 15 Rese nee prc 
Sears Greeley No. 3... BOON eae oe 1h eae 

[s)) 00 ENE ETAT Remy Coo. a. || Soames Swe Sete Mined 
OCTOBER 8. } 

9 a, m.|River, near da ac be a se aes ties 14.36 21.81 | 12.00 1.82 
ae Ogilvy ditch. . Svtecdiogel) MOOMLD Ae SRR hme Se een ak ARS are 
.... |River. below dela OS dam. . Saey |) Mempeeee Sets 2.53 17.31 2.50 6.92 

3 p.m |River at mouth. Sgeeneaete |) Monee nage 31.69 29.16 3.75 7.78 

Rates ad a sou nigel tl 2 tee 101.65 | 38.65 2.47 


* Estimated. 


Measurement No. 7—Made by R. E. Trimble and R. Q. Tenney, 
November 9-11, 1893. 


NOVEMBER 9. 
River at Gaging eases 
Canon ditch. . 3 0 
Pleasant Valley canal.. Seahioets 4, 
Larimer County ditch............. 0 

4 

0 


Jackson ditch. . 

Little Cache la Poudre diteh.. 

Taylor and Gill ditch. . al 

New Mercer ditch... BS 0 

Fort Collins Water Works (ost, ) ae ; 

Larimer Ceunty No. 2 canal a ile 
0 
0 


Arthur Irrigating canal 
NOVEMBER 10. 
Bisnis Larimer & Weld canal.......... (0. 


sees wees sae vase 


River below L. & W. l . 
Pioneer diteh SS Lh ee, gest Bhs 7.25 4.31 


Josh Ames ditGhiccos csateeeus oo 3 ok Pe Ree 1h me 
0 
2 


Lake canal 
Coy ditch... 
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GAGINGS OF THE CACHE A LA POUDRE RIVER. 


(In cubic feet per second.) 


Measurement No. 7—(Continued). 
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i Gain 
Time. Place of Measurement. Out- In- | River. | Gain. | No. of er 
take. flow. Miles. ile. 

River below. Hottel Mill............ | ...... Rss 72.48 6.71 3.25 2.61 
ING een OO GN oo eer cee nF eteaais as 6.80 Apt yl beeen sets See ate 
Spring creek.. waa Eee tea nackte (O63) 5 ie shies 
AMOS SLOUGH, ths clehis dare savenisese ecole Ment (5.00) ees wees 
Cooper slougbe...chaa nites ee ee (CEE5O ye eee Tone 
Box Bidér creek, quiet sctccse | lolkl. (SEO) cea gone 
Box Elder ditch. . 1.04 It Badal cies saeeaks ane 
Cache la Poudre Irv’ g ‘Canal No. 2| 60.038 Th hearst cree 

Nove 11. 

EVEVOIVDOLOW NGA neces cnaseticcnesen | seem ae one 9.84 5.23 6.90 0.76 
HORS Creekk 5 sasunncjesiveig sts aoeereal meres s GBD) Scene pauS Bniag wate) 
Whitney diteh.. 0.08 Spohn nes peaee, : 
Katon ditch.. OLE ON niietocaale. usenet : 

River below Eaton sare Feats ncwoaianay. li inate. 4.95 |—4.81 3.00 |—1.60 
Jones ditch.. A) eid ote e¥e'onays OND ae ease: GIR HE ees Sea Popic 
Greeley No. 3 canal.. es oc OR pee Peete 
Boyd and Freeman Mitchie aeen: SHODim -eillaisaradh oy | moti 

River north of Pump house......... | ...... 20.32 19.21 12 00 1.60 
Opilvy -diteh’Guircers onemeenccs QUO Sag: sateen: Beta Rok eats Behe 

River below Ogilvy en, ioe 43.26 28.59 2.50 9.44: 

Riverat the mouth tsy.cchse dv cdseae lll salees 60.76 17.50 3.25 5.88 

TGtalea ie ses 5 lame Ae ce Mle sks Sonal ees 98.68 | 88.15 2.59 

Measurement No. 8—Made by R. E. Trimble and R. Q. Tenner, 

March 13-15, 1894. 
Marca 13. 

River at Gaging Pascua atten, 99,21 0 f 
Canon ditch. . bers 0.03 ae. nae td 
Pleasant Valley & rate eae: ehh ; ae) PS 7 
Larimer County.canal............. QO 5 erre | meee dil ae see 2 
JACERONGOTEC De helsing sdeeds scenes GET er eer liners a 
New Mercer canal..:........:. 2.05 (Oe i Ta pea Sep aa oie a 
Fort Collins Water Works... .... OV COUP ieee lene, tee 2 
Little Cache la Poudre canal.... . OND Oi ail oy sees  tetcter te a 
Taylor and Gil} ditch..:.......... EHP AS cod naam ite yotee in 2 
Chamberlain ditch.........:.06.+- (DOO OE ain SIO aeacate z 
Larimer (ounty No. 2 Genel: ACH ORD Tae cis aeate ell Sevres = 
Arthur Irrigating canal.. Phat Ree roam It Poaaree 2 
uarimer and Weldcanal........ Jail LO ROOLE ai amemn-cca [preeceee 3 
insiPelo liste bh gwel ines cose Ae eee eieae rece ON SS tae (mercer leer eros x 

River below I; & W. canal........|  .-.++- 49.18 1.57 7.25 0.22 

Marou i4, 
PAOMEOTIAIGCH eet yaaitaise saleaes cacnet iin etter: B 
Ames Ee i ee DEAS Fail eetere sil, alecetcaets 2 
pone canal.. OG sil amcaban lh pie hear x 
Coy diteh.. ON a |e des ore trae : 
No. 2 Feeder.. CURD ie nance IM apoade 

{River below No 2 Feeder........... | «+--+: ee 1.49 3.45 4.45 0.78 
Mining (CaO ka cmncpeioccisee wate ieee ee (2273) ollie. Bers soa ae 
MinaniBlOne hese smn conan cereal acer (22a inl Sone ace 
Cooper slough. nanan A eae oO Myles GDA eee . 
Box Elder ditch.. ‘ 0.11 sees Bess F 
Box Elder creek.. oe al ene (OFZ) see oe s 
No. 2 Feeder, north of ‘Timnath.... (23.90) Ieee Tala obec e. 

MARCH 15. , 
Cache la Poudre No. 2 canal...... 143 5% See crake Rae 

RAV.Gr DOlLOW. INOniotaa se eco e cr clase | marae ait Seed 27.17 27.22 5.65 4.82 
Hogsill Creeley. cole meerisateaice oeiiaes Ber vate (ORO) ewensause: Re aa Beir 
Hatomicisenennepeetntsstes secur 08 See raiser c 

River below Eaton a. Ree a lie mcrae 20.44 |—6.65 3.00 |—2.2% 
Jones ditch..... UR Ae apetncs ah wines Semel aeraeuaeay, webs acts Loe 
Greeley No. 3 canal.. Tey eee es a ee ee [es tee 
Boyd and Freeman ditch. ideas TOCA ea Beta 
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/ 
GAGINGS OF THE CACHE A LA POUDRE RIVER. 
(In cubic feet per second.) 
Measurement No. 8—(Continued). 
Out- In- : ; No. of Gain 
Time. Place of Measuremert. take flow. | River. | Gain. | Miles. Mic. 
“alRivor near Pump howed,... .ossst. Nee 46.46 | 26.26 | 12.00 | 2.19 
Greeley drain sewer...........+-+- (USAT) AR eel eeeierets wes Bee Rites 
Ogilvy itch, teteccins a oc'aiain ee iir)siecm=1||) Cw ssa |store ahs 5 
ly. dam jee seh a eee 56.51 | 10.05 | 2.50 | 4.02 
River a ow ess Rt pees: BP Ea 76.93 20.42 3.25 6.28 
Potala. éciciol Dy crepe ee ed eee 82.32 38.10 


Measurement No. 9—Made by R. E. Trimble and John D. Bloomfield, 


August 20-93, 1804. 


AuaustT 20. 

River at eae Station eset cette 
MBNOD. AiGChines eels tenis sees 
Pleasant Yalley & Lake canal.. 
Larimer County aeeh 
Jackson ditch. . 

New Mercer canal... Weegee 
Fort Collins Water Works........ 
Little Cache la Poudre canal....: 
Taylor and Gill ditch 
Chamberlain ditch.. nae 
Larimer County No. 2 canal...... 
Arthur Irrigating canal........... 
Larimer & Weld canal.......... 


River below L. & W. 
AvuausT 21. 
Pioneer ditch 
IMGs GIGOH Wise. nieee ve mereule lee oer 
Bake: (CAMel ssa scti ote si oersticcre ears 
Coyiditehee ash. . osvecnane ss 


River at Coyisifarm.cc.-iscs. entero 
Goy ditch waste «2... 0. c60.00 6 
Coyslouch es cacemeruiceen ee 
LEOUNOLieappLy occeeenacwen were 
Chaffee ditchitvae.cucseasameeeere 
Pioneer waste . 
Horner supply waste.. 
Spring creek (Aug. 2). 
Ames slough.. 


Emigh drain ditch ... 


Cathbertson (Aug. 


Cooper slough Ga hai hd 
Box Elder Bets Soe 


River at Strauss bridge 
BR 22. 


River below No. 2 
Fossil creek. 
Whitney ditch. . 
Eaton ditch.. 


River below Eaton Baa 
Jones ditch... 
AUGUST 23. 
Greeley Nv». 3 canal 
River below No. 3. 
Royd and Freeman ditch. . 
River near Pump house 
reeley drain sewer . 
Ogilvy ditch. . 
Camp Bros. river. ‘supply... 
Camp Bros. Slough supply. : 
River below C. Bros, river supply 


‘River % mile above mouth. . 


_ Potala 5. 


(4.58) 


eee ee 


0.77 


17.59 


—8.38 
3.12 
11.86 
12.68 
21.14 


26.38 
27.97 


118.16 


7.25 


4,20 
20 
ae 
Bid 


3.00 
2.75 


38.10 


"79 
‘17 


| 8.10 


— 
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‘GAGINGS OF THE CACHE A LA POUDRE RIVER. 


(In cubic feet per second.) 


Measurement No. 10—Made October 9-14, 1895. 


23 


Time. 


Place of Measurement. 


Out- 
take. 


In- 
flow. 


[River above Larimer & Weld..... 


|River below Greeley No. 3 ditch.... 


NOVEMBER 9. 
River at Gaging Station............ 
Canon canal. 
Pleasant Valley ‘& Lake canal.. 
Inflow from Canon canal......... 
Larimer County canal.... ........ 
JACKSON ALC Aeh esas dete ieee 6 


River 150 yards above Mercer ditch 
New Mercer’ ditch). 0 oe shane 
Little Cache la Poudre ditch 
Taylor and Gill ditch 
Chamberlin ditch. . A 
Larimer County No. 2canal...... 
Fort Collins Water Works (est.). 
inflow waste from T. & Gill ditch 
Inflow waste from T. & Gill diten 
Arthurraditelocansscs\asictettiees ae 


OoToBER 10. 

River below Larimer & Weld 
Pioneer ditch. 
Seepage ditch 
Ames ditch.. 
lake canal 
City sewer.. 


Coy ditehyAacice seen 
No. 2 Res. supply can 


River below No. 2 Res. a oe 
Dry creck.. 
Ames slough 
Bmigh drain. . 
Cooper slough. . 
Box Elder creek. 
Spring creek.. 
Box Elder ditch... ‘ 

Seepage ditch from Spring creek. 

Side Hull ditch from Spring creek 

Ditch from Cooper slough........ 


River at Strauss bridge............ 
OOTOBER 14. 

River et Strauss bridge. ...- at 

Cache la Poudre No. 2 canal...... 


River below Cache la P. No: 2 Canal 
Fossil creek..... 
Whitney ditch. . 
(BR EOTACHM Al ny cm ce secis) slersvalereiemieters 


River below Eaton canal............ 
Seepage ditch........... 
Jones ditch.. 6 
Greeley No. 3 ditch (Oct. TE) a. 


River below Greeley No. 3 ditch.... 
OctoBEeR 15. 
GrecleyINOmorcoseoes nace macceunae 


Wasteinto (NOs Sesds base ccs: te hee 
Wasteinto No. 3.. Wee 
Boyd and Freeman ditch.. 


River'at Pamp house......... secs. 
Mill (Power canalc sj). dcjavces decir. 
Ogilvy ditobh eeteacehalece wes sivcie 


River below Ogilvy dam.. 
Camp ditch.. 


River % mile above mouth... 


118 


3.63 
93 


(0.50) 


(7.63) 


(1.34) 


Gain. 


18.75 


26.63 


6.09 


6.99 


7.35 


33.85 


7.74 
46.37 


1.75 


4.4 


4.2 
2.4 
3.0 


9.0 


3.0 


3.41 


81 


6.05 


3.18 
2.33 


82 
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TABLE III. 


SUMMARY OF THE PRECEDING TABLES, SHOWING GAIN IN SEEPAGE: — 


OF CACHE A LA POUDRE RIVER. 


(In cubic feet per second.) e 

Mar. | Oct. Mar. | Aug. 3 

1885. | 1889. | 1890. | 1891. | 1892. | 1892. | 1893, | 1894. | 1894. | 1895. 

Canon to Larimer & Weld canal.. | 11.9 | 11.3 | 25.8 | 18.3 |...... 15.4 | 31.8} 1.6] 0.8 | 19.68: 
Larimer & Weld to No. 2 canal... | 25.5.| 36.8 | 18.7 | 8.7)...... 12.0 | 11.9 | 30.67) 17.4 | 13.6 
No. 2 canal to Ogilvy ditch....... 49.5 |.44.5 | 88.1 | 38.3 ]...... 45.1 | 38.0 | 29.8 | 72.0 | 55.9 
Ogilvy ditch to Mouth of Poudre. |...... | 6 i40 (2352) | AIOse sees 29.2 | 17.5 | 20.4 | 28.0 | 46.4 

MoteliGains.:.wvciutessnosseese 86.9 | 99.0 '100.8 | 84.6 | 96.1 [101.6 | 98.7 | 82.3 |118.2 [164.4 : 


DESCRIPTION OF THE PLATTE. 


$16. The portion of the Platte river which was subjected to- 
measurement consisted of that portion below the junction of the 
Poudre river with the Platte, to the State line between Colorado and 
Nebraska, at the point where the Platte enters the western extension 
of Nebraska. The country traversed by the Platte has still the- 
main characteristics of that nearer the mountains. From the june- 
tion with the Cache a la Poudre, the Platte leaves the general north- 
erly course which it has traveled since leaving the foothills above: 
Denver, bends abruptly eastward and crosses the ridges which run 
approximately parallel to the mountains. The effect of these ridges. 
in guiding the drainage of the plains is shown by the long lateral 
channels. On the south these extend nearly parallel to the Platte 
for 90 miles, extending to the divide between the Platte and Arkan-. 
sas rivers, east of Colorado Springs. For a portion of the distance,. 
the Box Elder is within a short distance of the Platte, but, confined 
by these ridges, it does not meet the Platte until the latter cuts. 
through these ridges. These are drainage channels: rather than 
tributaries, for, except in times of freshets or storms, they do not 
contain water. Near the heads they are living streams. The 
last drainage channel from the south of any consequence enters the- 
Platte east of Fort Morgan; for the rest of the distance the drain- 
age of the country on the south side is collected by branches of the 
Republican river. 


$iv. On the north the Platte takes the drainage of the 


country as far north as Wyoming. The three principal lines of 


drainage—Lone Tree, Crow, and Lodge Pole creeks—each head. 
near Cheyenne, the first two entering the Platte near Greeley, the 
last passing nearly eastward for 150 miles, forming the line followed. 
by the main line of the Union Pacific Railway between Julesburg 
and Cheyenne, and enters the Platte 150 miles farther east just 
above Julesburg. 
None of these, nor any of the other channels to which the 
name creek is applied, can be spoken of as tributaries. It is rare: 
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FIG. 3--Map of the South Platte Valley. 
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that any water reaches the Platte through their channels, the only 
times being after heavy rains or sudden and violent storms on the 
higher grounds on either side. In these cases, the plains shed 
water as a roof, and the channels bring down violent floods, danger- 
ous, it may be, to travelers. The area drained by these channels is 
great. As in most cases, the channels are confined by ridges of 
rock, it was thought that there might be some indication of 
underground increase from these streams, even if no visible surface 
inflow. Accordingly in 1894 it was tested by measuring the river 
above and below the points where the creeks debouch into the bot- 
toms, with results given later. 


For a portion of the lower course of the stream, it is lined on 
one or both sides by a strip of sand hills and dunes, molded and 
blown by the wind, back of which is a country free from sand. 


$18. The bed of the stream is a bed of sand, of varying fine- 
ness—in some places and at some times quicksand—and shifting 
with the current, which changes from one side to the other. For some 
miles below the mouth of the Poudre, the stream isin one channel. 
It is then gradually broken up by sandbars and by small islands 
into smaller channels, increasing in number. At the State line 
there were sixteen channels where we measured in 1895. These 
channels are constantly shifting by bars forming or washing away 
in the rapid current, so that they change their importance and fre- 
quently their position. The general location of the bed seems to be 
fairly stable. The river requires bridges some 600 to 1,000 feet in 
length. The slope of the bed of the river averages about eight feet 
per mile between the mouth of the river and Julesburg, being 
greater at the upper portion and less at the lower end. When there 
is much water this fall is sufficient to give the current great velocity, 
ae carrying along the sand, depositing, removing and shift- 
ing it. 

§ 19. The principal ditches along the course of the river are 
shown on the map (Fig. 3). It will be noted that the area limited 
by the outermost ditch under irrigation does not cover a wide strip. 
Many of the ditches are small, some used to irrigate only the bot- 
tom lands. Others, like the Fort Morgan, the Weldon Valley, the 
Platte and Beaver, and Pawnee Canal systems, irrigate considerable 


areas of excellent land and are almost the onl 1 
Bee. er nly ones passing out of 


If the water reaches the river from the land irrigated, it may 
be expected to drain into the river following the lines of surface 
drainage, though remaining unseen. It cannot cross the ridges 
between the channels. As a rule, wherever the facts are 
known, the ridges are of rock which is higher than the bottoms of 
the channels. With the system of ditches, there is then some pos- 
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sibility of separating the drainage of extensive areas of irrigated 
land from land which receives little or no irrigation. 


COMPLICATING CONDITIONS. 


$20. The bed is almost invariably of sand of unknown depth. 
In a few places the rock of the ridges cut through by the river 
shows at the surface. If there is any flow in the sand, it may 
be expected to be forced to the surface at such places and increase 
the volume of the stream. Such a place is just above the 
Bijou creek, above Fort Morgan. And again below the Hardin 
ditch and above the Corona ditch the bluffs on the south side of 
the river are prominent, and show evidence of rock outcropping 
across the river. The sand is porous and has the capacity to hold 
much water. The results which may be met with in the natural 
inflow are masked by the effects due to the varying distance to 
the rock. These may sometimes be more than sufficient to counter- 
balance the increase from the inflow. This may explain the unusual 
gains noticed in several places and the losses which are found in 
certain stretches, even where an area of irrigated land is tributary 
to that section. The most marked case is at the mouth of Bijou 
ereek. In the measurement of 1894, which was made above and 
below the Bijou, a gain was looked for in the few miles between the 
two measurements. The Bijou drains some 1,400 square miles. 
Besides, there was some water evident on the south side seeping into 
the river. Nevertheless, a loss was found in 1894, and in 1895 on 
making another test the gain was so slight that it may be called a 
loss. In both cases the Platte & Beaver canal was measured sev- 
eral miles from its head, and the loss for the few miles if considered 
may make a slight gain. But with all allowance possible for this, 
the gain is slight, or an actual loss which the measurements show. 
Moreover, at the last point of. measurement, there are practically no 
bottom lands. 

§ 21. The methods of irrigation on the lower Platte are some- 
what different from those on the Cache a la Poudre, and this may 
account for the difference in the relative magnitude of the result. 
The Poudre being a mountain stream, fed almost solely by melting 
snow, is low in the autumn and late summer. On the Platte the 
summer flow is small, being reduced both by the usage above and 
by the avidity of the sands and atmosphere. In the fall, however, 
the seepage from all the streams nearer the mountains—Clear creek, 
Boulder creek, St. Vrain, Big Thompson, and Cache a la Poudre— 
pour the seepage from these channels and the greater part of the 
flow received from the mountains into the Platte. As a con- 
sequence the Platte is higher in the fall and winter. This gives 
the settlers along the Platte opportunity to irrigate extensively in 
the fall, and as late as the ditches can well carry water; they thus 
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each year irrigate their lands. At the time of measurement they 
were irrigating extensively. It will be noticed in the tables, as In 
1895, that the canals are running nearly, if not quite full, though 
late in the season. Thisin itself increases the rapidity of flow from 
the lower ends of the small tubes extending to the river, and is one 
reason why the increase of water is more than in the case of the 
Poudre in proportion to the same area irrigated. The use of water 
at this time when vegetation is not active, also permits the use 
of water in greater quantities without damage. We have no 
measures which determine the amount actually used, but from 
observation and the conditions, it seems probable that water is 
used in greater quantities than in the Poudre valley. 

§22. Fig. 4 shows graphically the results of the gagings 
below the mouth of the Poudre. The distances betwegn the 
points of measurement are in proportion to the distance between 
the lines. The amount of gain is indicated by the distance the line 
is above the base. Hence the steeper the line in any section, the 
faster is the gain in that section. If the line descends, as it does in 
some places, it indicates a loss. 

§ 23. The tables show the measurements in detail, and give 
the results of each. The dates and the observers are also given. 
The distances given are different from the distances given in 
the report of the State Engineer, but are believed to be here correct. 
In some cases the distance between the same points in different 
years is apparently not the same, the reason being that the place 
of gaging was not quite the same. . 

In gaging the Platte, the trouble to find accommodations 
caused considerable interference with the best prosecution of the 
work. Often after the last gaging of the day a drive of some miles 
would be necessary, and the river would be taken up at another 
point the next morning. This did not allow a check on an 
change the river may have undergone during the night. In 1895 
a tent and camp wagon was taken as far as Sterling, and the party 
camped where night overtook them. 

The height of the river was observed both night and morning. 
It was proved that the change was exceedingly small, amounting, 
usually, to an increase of about one-fourth inch during the night 
and a corresponding decrease during the day. <A loose block of 
wood placed at the edge of the water the second night out from 
Greeley was undisturbed a week later and still just at the edge 
of the water, indicating a very steady condition of the stream. 
The ditches were not disturbed. Where streams are not men- 
tioned in some of the measurements, it is because they were found 
to be dry. 

In 1895 several small ditches near Julesburg were found to be 
drawing water. _ Their existence had never been reported to the 
Water Commissioner, so that they had not been looked for in 1894. 
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The measurement of March, 1892, was interfered with by snow, 
which prevented carrying the gaging beyond Fort Morgan. 

In 1895 where any of the quantities are enclosed in paren- 
theses, they are not to be taken in the summation. In the case of 
inflow it was known to be seepage, or in case of out-take it returned 
immediately to the river. 
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Fra. 4.--Seepage Increase of the South Platte River. 
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GAGINGS OF THE SOUTH PLATTE RIVER. 
(In cubic feet per second.) 
Measurement No. 1—Made by L. R. Hope and E. C. Hawkins, 
October, 1889. 
. Out- In- : ; No. of pes 
Place of Measurement. take. flow. River. | Gain. | Miles. Mile. 
River at head of Latham eek als ssl Ne eee ae 45.718 
Cache a la Poudre river. emeaieta mayest RRR ORC 14 BBO oe eae 
River at prcoret deh. widigentotsctoeraa tet ln Ben aerate 120.136 |*49.000 | 6.30 9.46. 
Hardin ditch. . RSI EO ato te cccey LjOOR > | rere alba eseresite SS aes cere 
River, at head of K. and B. patel ete Sito diets Dill eset 189.641 | 20.51 7.20 2.85 
Small ditch (no mane) Pace PALO E I i eicoson | myapentic ots ate “Rae 
Patnam ditch.. Mepch waitresses eee tee 802905) eee ewes 
River at ——— . warejol Saree sarah crease eee 105.769 
Fort Morgan canal. . RA er ee ime STE PAR eh Ae ee aS og 
River below Hort it Moraes a over eats heel Vek eae Ross 8.625 | 80.755 | 19.0 1.62 
IBigou GYEOK i... veine 3 alte Se Rah BE SAD Coe SD papenee sek) ts Aka 
River at Deuel.. Afar ci hyaietesietnmen ete lh Lear 8.310 yt et PH) 0.09 
Deuel and Snyder ditch............c.000 0. 3.567 ae Bed aoe cr 
Platte & Beaver canal.................+. 25.028 a Mil Seenerae 
ower Beaver ditch. . 00. ci .scessrece ws gave 17.487 CPE A NETO CESS 
Beaver Se a a is fo eee RS ecee NEU Dy hote mento 
Smith ditch.. Ste aA Chto oe ee arc 8.447 Bid alumnae KE 
Tetsel ditch. .. SinstaVein gai herd! sfecstens cielo ats PaAaOtal) weet m hoe ceeds 6 
Sonth Platte ditch. . Naa b cede om aaa HAAG) Ul eg otal Reece ie 
Pawnee ditch.. a alelste doe /Anieelar ee eae 2 BOFe A etree | aerate 
FDIS ATER ENE RIN Otc cate < aaron Savahee or temk wna | be ere 8.481 | 78.508 | 30.75 2.55 
Schneider ditch. . RoE Ria ee Be, Phe 12,609): 3) Sakae | eens Arse cae PALS 
Springdale diteh.. lagen yet Mean cae Bibdove B B88) Skeet eee 
Sterling ditch No. yh coy re ee sl LOOT ema eter 
OWE ETG OLEOD eS. aan y ct) Gaderer caeghree ak 1.796) 2)| Sarah areeste 
Smith and Henderson ditch...........,.. GsSB3e lee eecsrlare 
River at Sterling. Bae Oe aire Atl Whe ince 6.378 | 32.794 | 18.75 2.89 
Sterling ditch No. 2.. pilreecieg eaeamcle 1 G46:3 |) ees eal ates Cher Ei Siok 
PRRLOBLOLOIEON oc sitar sie aaievain clint ennui seni 8.871 
Sivonsmear Dit. .ic<ieicls ac anamcoiubersocesicecn il). asec ieee ee aeaeeee 4.439 9.25 0.48 
Win eee (ey. eee cot 217. 116 
* Estimated portion seepage from mouth of Poudre river to Hoover ditch. 
MrasurpmMent No. 2—Made by L.. R. Hope and E. C. Hawkins, 
October, 1890. 
River above Cache a la Poudre river.......| ...... Oecd 98.458 
pee UB RONOEG LIVER. scree channel O27.20l |store ass 
BOXPHIGOMCLOek tera. ccs che er cee tee 23 BLES" mmtacee 
Hardin ditch.. ape celele alent ee eee 10.279 Pree (aL Ne Coe 
River below Hardin ate BUC CR EN Kae Bose; 213.174 | 68.742 | 8.0 8.59 
Bijou canal....... Ee oe 21.424 beats : 
Rule diten.ct, sfoncec tn) as eee 279907) ance | ene pte : “Se 
BDGnATLE CI TOba cca: iit ecu reee ee ea ee | MO NRGT ray (Ae 
River below Putnam ditch.. ; APR ee 2 ee } = 
Wicidon Valley GitCh) cs isecsndcesavetece ns ‘ 31.674 a ee re a 
River 4 miles below lage! sferstna rats oto See ‘ 
Hort Morgan canals 200200007022 | aba Pe lee eae 
River below Fort Morgan canal. . : ‘ 
Sinall gulch (no name). See ee 45.931 3.79 15 2.58 
NGu check (waste from Fe, Ee 7.421)... See eee ee: 
Platte & Beaver canal.. a 36.674 ce pet 
River below P. & B. canal.. aie 
Platte & peaver, « Bupply diteh.. mee bas mttaer ia Nata lf My fi 
Smith ditch... Sle ws sah 5.199 weeeee sees eee wees 


= 
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GAGINGS OF THE SOUTH PLATTE RIVER. 


(In cubic feet per second.) 


Measurement No. 2—(Continued). 


Out- In- No. of | ain 
Place of Measurement. take. flow. | River. | Gain. | Miles. Mile 

EU enc setts, STL MOLT cosine ie ct Uschaes sss, RR A ice ae 12.950. | 17.089 | 18. wn 
Tetsel ESI Aa al ee pt a AOD O ally eh tvace ace iets ans oe ae 
Pouch Platte: ditch sass sketas one eens: WT OBL cai? all meee We P 
PAWNee wor Chit nic seeeeaeseseiaccsion ae Ciao tes aaa De ieee (ioe, glare 5 

River 4 mile above Merino..... ........... | ...... 8.444 | 21.286 | 18.0 1.18 
Schneider ditches... seni: vos noose oe SACI page Wlieeacee aoe Sao Pre 
Sprimedalenditchwey ha eae ee DS SOON ete ne cua ai ean arses 
Smith and Henderson ditch.............. GAG el eerie Gay ct = 

Puvermati Mierlilg.sc:  <wladc meee csseneseaee |, ween: 11.933 | 29.692 | 18.75 2.16 
Sterline Nome diteht eye. eee saree Bley afar fs oon oh Pe cae eae wes San 
ATNOtLS GitGh a Aes eek as ake Rec ee ge 2 coe ee ra | at va eee, 

Mirdline ditch qumiminerr. wee oe oer ee RODE Sy Srey. cl aces 
River below Midline ditch.................. ]  ....05 3.647 | 14.043 | 8.0 1.76 
otal uket tenes eM thee 165.57 | 98.50 < 
Measurement No. 3—Made by L. R. Hope and RB. E. Trimble, 
October, 1891. 

River above the Cache ala Poudre.river.... | .:.... Bee 114.60 f 
@avkera layPoudrePIVEL, |. 22% ceeccsss ecaaies |) —covnies (on eee : 
HEROOW. CL GAt Chime crates lorsincicin die eishajeniers tele eas 6.40 Firs nce aa lareees a 
PHAM cAiC hee meee voce dees wmerctnlenaclss TDL ee pers oy a Pam rane es 7 

RLVer DelLOWs HAaralmMeGivelirn: hess sacs ces ih. ee eee 244.38 USB 8.0 9.44 
Kiowa do Bijou Canals. 5 .-...0estwlesc esse: OBESOM Vl) seuss nmecl Muerte neers Ree Bites hae 
J PALS OE Wert (6 Wiles) oleate Ree em ane COerIO onorn 10289 9 el decane lan 

River below Putavanay iterated sare sell este sere 211.69 16.61 | 12.25 1.36 
Weldon’ Valley@ditch). 29. «:jcs se. saccceos « PADRE Yl REE Acie NP cee ai aoe ee oe 
Mort wWorgantcanealey ote ait cierae ccs eoele de ale OONS5 2 OI ieveate ulllmeneee sete eer eee 2 

River below Fort Morgan canal............ eee 105.69 a layer rey el ab) 1.1L 
Denel & Snyder ditch... 22.0.0. css5 os TROL Lil tere: ta leminee eres eee ate ae 
Platte & Beaver diteh. :ouou ene. .2.-- Ree PAGS ee RAE IN Sacco ares woe 

River, below Platte & Beaver ditch......... |  ...... 184810 88) 2602 | hte) 3.48 
Platte & Beaver Supply ditch............ AG ANON isecan oa reaetaen oe is Lie 

Vier ats Snyder sas nce seattle «ciel sels ears aus wanton 186.79 98.19 | 18.75 7.14 
math VOLCChe re arie sees cred alaereneielsiele's 1.36 singe eae see ARE 
elwandsy Cech see. rime a heloieaiei ste sis,e/ sie nee phar ae he Spee ee tbe pe Te eames - 
iskonounud ed Ennive ere ilie | ysor ae On een On onn SDE ene ema eee te es 
PawlCO Cc sees a vers s ceg.« ciivastnsiwice erin ae GE TONp OS Peer) || ow ceenesrs 

EVOL DOVE MOLINO snics sotizesieisis or castes |: jadeeiiens 46.68  |-20.27 | 18.0 -1.13 
Wehinieideridivolit taeeces ae anceps osccicers VAG es Bre eee Wien eta cus rhe ana an 
Sprimegdalediten er cc shite sess sie esac eo Upeay uly Odette momen ae sok 

River ateSterlin eo. ces sgt Ae ssingedeteicisae | mecatert 66.73 S3"36i 138275 2.43 
Smith and Henderson ditch............... Oia ers wiar |e eae see revel ee 
Low-line ditch ....... Becunu sph peuron oases Ae oN vieieieis) iI) tein sivieie inete : 
Lliff & Platte Valley ditch ................ SC Rra Tee llad setae ila tae 

AR LVOT pAUHL Midd ta ieietseretsienc aecise eerie oralsccleall” © seevokene 52.72 28.07 9.25 3.03 

River, 2 miles above Crook..............0.6. |. eeeees 39.65 |-13.07 | 16.50 | -0.79 

RR Vent A DOLOW: MCAR WICK cisleajeiseicteie coleinwesie: 0 \welnisies 47.70 8.05 | 21.50 0.87 

HV iVON, Ald CLORDULB) selceeas\cistiawecvacc. wise eal Wet ethene 42.96 -4,74 | 11.50 | -O.42 

AMOUR, cewltic iit cL Ce Cktiw oy la een OMPREIC crate 275.27 '149.25 


x = 
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GAGINGS OF THE SOUTH PLATTE RIVER. 


(In cubic feet per second.) 


Measurement No. 4—Made by L. R. Hope, March, 1892. 


QOut- In. - ? No. of Gain 
Time. Place of Measurement. take.. | flow. | River. | Gain. | Miles. 
a River, above Cachea la Poudreriver| ...... aie 473.09 
Cache a la Poudre river.........+. |... ++ AD AOD aa! Pony reels A 
|River, below Hardin 4 mile........ | .....- sete “OBITS 69.08 8.5 
Kiowa & Bijou canal..........-... 0.50 Si Ae Sasntds eee Bese 
River, 2% miles below Patnam ditch 732.59 45.86 | 14.25 3.18 
River, below Fort Morgan canal.... 762.07 29.48 11.25 2.62 
|River, opposite Fort Morgan....... 834.72 72.65") 1335 5.38 
Yotalesicec tl Feneae olle anes luemeree 216.57 | 47.50 i 
Measurement No. 5—Made October 30-November 10, 1893. 3 
River, above the Cache a la Poudre. | ...... sigs 124.16 teas Bae one ¢ 
Cache-wile Poudre Tivetsic.% iescel | eseeren Coy: 9 Ign eee wales wena Back: = 
River, below Hardin ditch..........] ...... aeisie 257.380 69.03 8.0 8.63 y 
Choat’s ditch..... Gee ea 4.05 cnet ba Cee oe abies same Be ; 
} 
River, above Putnam ditch.:.......] ...... .... | 219.52 |-88.73 | 12.25 | -2.75 4 
Patneny .Gitohis. ofc. Comme iene 12.28 Sete wear heed ates eat % 
Weldon Valley ditch.............. 80.70 Rata med Gears Peo Sean 5 te 5 
Fort Morgan canal... ...... 0... 0.06 132.08 gOS ars, SRSA ae : 
River, below Fort Morgan canal.... | ...... tke 105.29 60.838 | 13.75 4.42 
Deuel & Snyder ditch............. hee Seal faite Bi fis whe ae 
River. below P. & B. canal.......... alte 225.7 HOLL. 49 50.3L | 11.0 4.57 
Platte & Beaver Supply canal..... 114.12 Seas Sates eet Pe ee suet 
Gallgaitehs tannic: sce saan 0.94 eke ia See z 
River at. Snyder icc. dss. sha aod eee ac 51.46 15.03 | 13.75 1.09 
Sait ditehs +=. eee apeetees. soe 8.49 hae eel teas erate Sonn BN 
Weal Wards Gitchi serie cases 1G. 20.2 OH Sees wallet tere cee Pate ee 
Patseloditenne: ai tec hen tan 6.94 Petereped baasteatis as Moree ASS ; 
South Platte ditch 2... sce s 44.12 sicrdtnt Ml Neeneteteae ae Gone Bao 
Pawnee mitchy wees coe eee 11.80 aaa WiDr sels risisis aRtoie 
Riverate Moering:.a...osc-raschihs scale leer 4.63 34.72 | 17.75 1.96 
Hobrieider arch nn sek. cat eeee 16 Bde ee he ee RB ase cere : 
Sprittedale: ditch t.....0 0. ee SLD Tre ere cnet nA . 
|River,;abe Sterling. ssc. en een eee 13.38 83.76 | 14.0 2.41 
Smith and Henderson ditch...... TD 40° Ss SS fer 
duGwelinesGiichy.\ vox e he sneeis Gi19) «| era eraser = ae 3 
lliff & Platte Valley ditch......... 14 iio hee 5 
PER BVeriMbOVOs NUE cnosy chee acc ese beret ata 5.72 24.84 9.25 2.69 
Totals'..5.03 01 a3 a Se ee ee 254.79 99.75 5 


Measurement No. 6—Made by P. J. Preston and R. BE. Trimble, 
October 16-24, 1894. 


ee OoToBER 16, 

2p. m.|River, below Cachea la Poudreriver| ...... deer 308.68 

8:1 one Pree orgelke.c.c.2< heen es eae S208 Tl etriceas oA 

3:50 River, below Lone Tree creek...... 

Gee ou BAC eS eae 12.16 1.50 8.11 

8:50 River, below L. T. creek, same place| ..... 

10:30 Sterling Seepage ditch............ 6.60. a a é 
11:15 -| Hoover ditch.......-2.000 0 118s ee 2 
12:30 |River, below Hoover ditch.... 

2:45 Hoover ditch (waste). a Ren es 0.61 ney rae 

2:35 Box Elder oreek . occ ccc concn AH 10,19. cexanee ea as 
4:15 |River, above Hardin ditch..........] ...... +e | 840.65 |-51.05 8.00 |-17.02 
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s 
GAGINGS OF THE SOUTH PLATTE RIVER. 
(In cubic feet per second.) 
Measurement No. 6—(Continued.) 
5 Out- In- : - No.of | Gai 

Time. Place of Measurement. take. | flow. River. | Gain. Miles. lee: 

° Mile. 
OCTOBER 18. ie 

7:45 River, above H’r’n ditch, sameplace| ...... sate 343.29 

9:20 Hardin: ditchsceen cic 5.36 Repay | an state gene 
10:30 Milin@is<ditehy scat ons ace ees 2.58 eres albicans bane 
21:50 River. at head of Corona ditch...... | ...... aes 878.89 43.54 7.00 6.22 

3:20 River, above Putnam ater PET eer aa MEE en seats 885.87 6.98 5.25 1.33 

2:45 Putnam ditch..... Hajsiats nie: yersoul|i eee Os asec Wats Seo seek Beer, 

OcroBER 19, 

8:25 Weldon Valley ditch.............. 36.98 mebsfoie liane erste re Bric 
10 a.m.|River, above Kiowa creek........... eee eae 369.81 48 82 8.50 5.74 
12:20 River, below Kiowa creek...........] ....-. Saris 375.07 5.26 175 3.01 

2:15 Fort Morgan canal................ 170.30 Meats ill etalon ee ee aa 

2.55 River 34% miles below Fort M. canal] ...... pe 219.00 14.23 7.0 2.03 

OcTOBER 20. 

9:15 River; ‘above Bijou creek........05.6' |) ses ws oun 278.45 59.45 5.75 | 10.34 
11:55 Deuel & Snyder ditch............. 3.65 a ee se ae atts oaks 

2:35 Platte & Beaver canal............. 717.28 Phat | ee mee 2 
12:05 River, below Bijou creek............ | 2... abeises 152.09 1-45.43 1.75 |-25.96 

3:50 Platte & Beaver Supply canal..... 71.90 Se |e oe vee sate sane 

4:05 River, below P. & B. Supply canal..| ...... eee 181.54 51.35 8.00 6.42 

OocToBER 21. 

9:10 Parson diteb-sor acs cone see esas oe 4.95 cal ill cantta save 
10:05 Builth ditchaeaccocs sees heaters 9.06 Se atl ee Sone a 
10:15 |River, at Snyder...............2.000- cone ate Asda9 o7) ABR ee lb Boe e Weaeee 

1:30 River. helow Big Beaver creek..... | ...... Loe 149.63 7.26 5.75 1.26 
Sipe.) south: Platte ditch... «c= <scce 60.01 Sie al Ee eye 5d ek 

OOTOBER 22. 

8:25 Pawnee Gitel smeeies te e..cece seen 99.55 esis SAA Mies 

9:20 RiVvercat PMLOKINO 5 a.coet ta - oyciointes ieisia'aje | ser aie Wecsts 41.48 51.41 | 12.25 4.20 
10:50 Schneider ditchvs.s.. 0.50040. 0 20.33 Bane Olt oxtoerec ere Aer Res 
11:40 Springdale ditch..........-.-. a6. 22.66 Sree | nate rae 

1:20 |River, above Pawnee creek.......... sercalae eetete 20.80 22.31 9.00 2.48 
3 p. m. River, below Pawnee creek......... ararne Ree 24.32 8.52 1.75 2.01 

4:20 Henderson and Smith ditch...... 2.08 pees (|). Baooae rears errs mente 

OcTOBER 23. 

9:45 |River, above Cedar creek........... |  -s+-+. ties 30.36 8.12 | 10.00 0.81 
11:30 | Iliff & Platte Valley ditch.. REREHOG ~ 4,14 Resa be Sameer eee, ae 
10;35 River, below Cedar creek........... | «--+-- Sane 35.93 9.71 1.50 6.47 

3:50 River, 244 miles above Crook....... | ....-. Race 36.07 0.14 | 17.25 0.01 

OoroBeR 24. 
8:20 River, AviNtAte dine anor ee « econ aerate Shee te cas 1.90 |-34.17 | 36.00 | -0.95 
i Totals: Stale tance elle Aantal 301.19 [152.25 


Measurement No. 7—Made by L. G. Carpenter and P. J. Preston to Sterling, 
and by P. J. Preston and R. EH. Trimble from Sterling to Julesburg, 
October, 1895. 


OoToBER 21. | 

Grohe lavPOudra: TUVET:;iecmarvesiecceece |i iecane WEEN Beene 
iver below tho: POUCLO. caca.cc ss seine sisiseveiieli|' | veslanis« does, alter Eps 

GTO MLO ONELOO Kae tetera toward onislertalelercheniaet lm clerics LSer-L Sal eon 

s OcTOBER 22. 

ERD OM GICs aro eane oteetaticlareies 6.07 Beal pier e ous Ree cee 
River below Hoover ditch... cc c.ceccrescce | ecieene soe | 989.95 1114.28 3.50 | 38.0 

PEN ODVOT CULT erasioe ctor le ia e¥onlew sicGrais ti nraizia Uk weyetelarene Ce es oe a pte, Bor bee 

pening Seepage ditebsccesssascscdssengeloul sree (B96). ase 

SLOT ferecun sea carmeetaina re el uelleloe aidreiccsyer ill) | wtcterore’s OPS Reiss. ote 1 ap 

MP ESILOA AU GLLUG ins cere aioe ciel nsateun'ale/oiereibas ors 0 ebaeey |ipeyecd ase cae cea oun 
River avOve-LLAvalm GLtChis, Aodesiceslscccitere lll sacses wae 909.15 |-35.27 4.50 | -8 

PATEL EC Iie ati co tiieiniviaie «,cleteastuohtee’ 6.74 Se Cou Meneses Hee Sone Cone 


OoTOoBER 23. 
COLOR CACC ED ie coin eles halsieai0,40j5 sid qeatolaw'sieea's 10.00 Rath iat akseter eta vialets easy 
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GAGINGS OF THE SOUTH PLATTE RIVER. 


(In cubic feet per second. ) ; : : 
MeasurEMENT No. 7—(Continued). 


—— ee 


‘Out- In- : : No. of Gain : 
Place of Measurement, take. flow. | River. | Gain. | Miles. Mite. 

River above Putnam ditch............-.0202 | weno Saber 935.36 | 42.95 1225 et irs 
MGOBULCTOOK is cote iee cic ee cine sie aiuce ohitaro ie aie Oh mieasso ts aiters 0 PGES eas ae 
MV Grra TP LCOD cso crdie se eleiie ests aivielore sieteyateger 14.38 BAGH 4 
EVO WE CLOBIC Nee Gin ca Rilo iow tcc ead oatoiemteln ce toll geetnartiet 0 
Weldon Npley ditch.. Py oe ada 86.85 Sos sees 

OTOBER 24. ; 

ivan at OWOUATOG ac cwithictisteis iene le sietelohemimteleiatmelylé i iefetereters alate 8.25 | 12.92 
Seepage ditch.. sy ea eee ohas Sale cmaiiasis letters (ASLO) sees bee sees es 
Fort Morgan canals fc Rin cea 208. 28 “Gast | Seeeunnee ere hs 

River, at abate sford.. sagen ge apa asl tee eae 778.37 |:45.92 9 5.10 

OTOBER 25. 

Reryer; Above the Bijou. Acacias seen hen menekne Rae 861.85 | 83.48 5.75 | 14.50. 

SHPO CLOOLSE | rite chew ec nite Aiermeias Giteiecietee lee (ASA) a oe Sard eile dees 

OcTOBER 26. 4 
Platte & Boaver canal i465 cists cee cses cence 100.39 ara ed apenas chee ‘ 
Dene! & Shydoer Aitoh 20s eee eee wee. 14.70 eae, Fl haste cite pees aie ae 

River, to OFt MONA ie ccisk) cicrsteltcenncisaes ihn) ealyeete othe 745.21 |—8.97. 4,25 |—0.93 : 
Revethv ruc liven mien s cnc te aecicn anor eltee 15.58 Thea Wemterateeder aD ae BBS PRAT yn 
Platte & Beaver supply............0ccceee Ee VR bout etek cnl lterescrenes 
Smith catcher hen.t ce oe armesam en cealne yikes oath ern ig ues al aero eae Bra 

River, at ena Peete PD SE UCL ay ras shee 685.85 | 14.82 | 11 1.35 

OTOBER 27. ; 

River, 5 miles below Snyder................ | seen Re 751.23 | 65.38 5 13.08 
Tetsel ditch. Wrote ne 90 earch | anere te ats sae , eee 
Johnson and Edwards ditch.............. 18.06 essen | iaeette mate 
Heuth. Liatterditaliivancncsk soaceneemtede 4.80 Sere Meet ereies 
Pawnee ps Minto eeiatc me rie sk meee ears 129.00 Seals eatertere 

CTOBER 28. 

ENEVGN, AO NMOLING oni mete te cascces eles te acer teleeeees ‘eta 691.68 | 93.16 | 13 Vane 
MCURLESL CIbOhie gts si asset atelsaciee sites tetas 14.60 ees asatiee carers Heid Ass 
Srringdale ditchossse. esas 38.59 Wako =| meee : 
Prerdinge Nos liditobie mare eee ene ae LQ. 68)» areeitiia Se errenesutte : 

Smith and Hiodercg eee LmcautNonnehe eaten PA falar teats Rate Ste ar Awe tae oes 
OCTOBER 29 : 

eagkgs AO os BELGE Soiects (scantseoane conti hess ae 671.64 | 46.80 | 13.75 3.40 

1tcn. . TD deemed 8) oSeh5 Son, 

RUINOR UA OUEE Aas Nase ot. 8 ah cake a ea ee Hees 688.63 | 16.99 9.25 1.84 
~ Powell and Dilies yaton 3.04 Sa eer ea ea 
McPhee and Mullins ditch 10.42 Lalit pte s Risse Sears open 

River wat Crook. seat. cock caren eee ee ee ec 626.12 |-48.05 | 19.00 |—2.53 
Henry Fuller ditch 3.07 
South Side Res. Co. ditch 2.37 =H aie et 
Tom Little ditch (2.19) ee a 

gt HU Bole greek © fsa iereotanetyendnad| aay vee | 688.28 | 14.75 | 24 61 

uver, ab State inate. fa.cn snes err cce coon ee as 585.60 |-47.63 9.50 |—5.01 

otalinacsa: L353) ccaas ae ae | 152 5 i 
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TABLE IV. 


SUMMARY OF PRECEDING TABLES, SHOWING GAIN IN SEEPAGE OF 
SOUTH PLATTE RIVER.” 
(In eubic feet per second.) 


| 

No. of, Oct. | Oct. | Oct. | Mar. | Oct. | Oct. | Oct. A 
Miles.| 1889. | 1890. | 1891. | 1892. | 1893. | 1894. | 1895, we 
Mouth of Poudre to Hardin ditch ..... 8 | 49.0 | 68.7 | 75.5 | 69.1 | 69.0 | 23.9 | 79.0 | 62.0 
- Hardin ditch to Putnam ditch......... 12 -... |-18.8 | 16.6 | 45.4 |-33.7 | 50.5. | 43.0 | 17.2 
Putnam ditch to Fort Morgan canal.... | 14 | 51.3 | 27.0 | 15 3 | 29.5 |°60.8 |°68.3 |°152.5| 57.8 
Fort Morgan canal toP &B. canal... | 11 Sace 6.5 4-88. 8, |*7237 |) 50:3 | 65:4 | 225. 14666 
iP. & B. canal to Snyder. cc tiie ves cree 14 ws LIB se ec) Lb. O24 8 94 8 eaGag 
Bayder tor Merino ..05 acta. eee ene 18 | 79:6 | 21.3 |-20.3 34.7 | 58.7 |158.5 | 55.4 
Merino to Sterling..........2....0....5- 14 | 82.8 | 29.7 | 38.4 33.8 |725.8 | 46.8 | 33.7 
Sterling to Latte s. sc s:shicceuea terran: 9 4.4 | 14.0 | 28.1 24.8 | 17.8 | 17.0 | 17.7 
te tol Crooks.. ss sate scree etree cena 17 mies |[Gerceee nt LOL as 0.1 |-48.1 |-20.3 
Crookito: State dine .2..1/920:5 Geaeederep ee 36 Rea leneias 3.3 -34.2 |-32.9 |-21.3 
Totale.se.: 151 (217.1 |165.5 |275.3 |216.7 |254.7 |801.1 |510.1 1298.7 
IAVOLARO OF MALLOn cas os atc mee edine erties S Beeb Lets woolen le OaheeaOe) -o1,0))|) woedel hemenO! 


* Opposite Fort Morgan. °Schaefers Ford. + Below Pawnee. 


§24. We also include the results of the measurements on the 
Upper Platte, from the canon, 22 miles above Denver, to the mouth 
of the Cache a la Poudre, a total distance of 74 miles. The meas- 
urements were usually made continuous with those of the Lower 
Platte, though here given separate. In 1895 they were made after 
the Lower Platte was completed. These measurements were made 
under direction of the various State Engineers, with the exception 
of the first, which was made under direction of Col. E. S. Nettleton 
in connection with the U.S. Irrigation Survey. 


TABLE V. 
SEEPAGE INCREASE OF THE UPPER SOUTH PLATTE FROM CANON. 


(In cubic feet ver second. ) 


eee Oct 

olg Oct. 39-" o 

a S|) Oct. | Oct. | Oct. | Mar. | 30- | y Noy, ie 

Seal 18, 14, | 28, 7, |Nov. ee 1895 & 

‘©O|| 1889. | 1890. | 1891. | 1892. | 1893. 1804 > 

ar | ; < 
To head of City ditch 6 lhe aes 8.95} 27.61 26.0 | 18.4 | 49.2 | 19.4 24.9 
* Littleton cole 12 59.30) 18.9 | 83.2 | 73.9 | 50.1 | 84.6 | 80.4 64.3 
© Denver .<’.. te. 22 64.1 | 70.8 1105.0 ]187.4 | 94.9 1221.6 1198.2 127.4 
** Fulton ditch . 28% || .... |110.4 [146.5 |149.4 |138.8 [256.0 |179.0 163.3 
“—Brighton ....... . | 8544 || 91.6. 115.8 |184.8 124.5 |164.6 1306.0 |214.1 || 171.6 
‘* Elwood and Wheeler ditch Sala 133. .8 [228 .¢ 220.4 1342.6 |272.0 || 219.1 
SPP TACLOVILLO tree ats re cose Rene ‘ as Vee ve .6 1371.0 |336.8 252.0 
* above St. Vrain ig He P we ee | ee ed |) eae CLOTS 
* Union ditch ... 161. a fuetiess | iene (20400 1420.0 (807-0 || S0nb 
CSPAIGATAL SEED Cas Cd deishiome ew ol ede pton (08 211.5 |192.8 |308.8 |202.7 |291.7 |478.4 |381.1 295.3 
* Cache a la Poudre river.........-.! 74 | 260.* 1282.1 [335.7 |226.0 [829.9 [501.8 [438.3 332.0 

* Interpolated. 


The sums given in this table will be found to differ from those 
given in the reports of the State Engineer. In many cases the 
seepage collects in side channels, and runs to the river. Where there 
is good reason to know that it is seepage, it seems better to include 
this as a part of the seepage inflow of the river. The examination 
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of numerous channels has shown that in almost all cases they are dry 
above the lines of the ditches. In some cases waste from irrigation 
and from ditches, not seepage, also reaches these channels. Asa rule, 
along the line of the Platte, there is little wasted, especially at the 
time of this measurement. To eliminate the waste, the inflow from 
the same channel was compared in the various years, and in cases 
where unusually large, the excess is counted as waste. The inclusion 
of these lateral inflows causes an increase of the amount by about 
twenty feet on the average to the mouth of the Poudre. 


RELATION TO AREA IRRIGATED. 


$25. If the water returned comes from the water applied in 
irrigation there should be a relation between the amount of water 
applied and the amount returning to the river as seepage. There 


_ should also be a relation between the area irrigated and the amount 


of return. There are so many Interfering conditions, that we can- 
not expect to find the relation a very close one, even had we 
the means to know the total area, or the total amount of water 
applied, with accuracy. A portion of the water applied raises the 
water table or the height of the water in the soil. The land newly 
irrigated gives no material return for several years, as most of the 
excess of water applied fills the subsoil. If the land is some dis- 
tance from the river the element of time also enters. In the case of 
the Poudre river, there have been many seepage ditches constructed 
for the purpose of taking the seepage water before it reaches the 
river, and again applying it tothe land. In the aggregate they use 
a considerable number of second-feet. The increase as shown 
in the tables should be increased by the amount thus used. The 
relation between the seepage and the area irrigated will be obscured 
by these and other causes. The return for any one year is not from 
the water applied in that or in any other one year. It is rather the 
result of the applications of several different years at different dis- 
tances. Hence, while the amount varies from year to year, the var- 
tation from one year to another is less necessary to take into account 
as the strip irrigated becomes of greater width. In the case of the 


Poudre valley and also in the Platte, the area under irrigation has 


steadily increased since the first measures were made. The total 
amount irrigated in the Poudre valley may be considered as 
between 120,000 and 135,000 acres. The latter sum was used in 
bulletin No. 22, on the “ Duty of Water.” 

Table VI. gives the data regarding the principal ditches in the 
valley, and is given in full to show the character of the land 
devoted to agriculture. In this table, column 3 includes the 
total amount of land supplied with water rights under the canals 
The waste and pasture land includes much that is not irrigated and 
some that is. Hence the difference, given in column 11, is really less 
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than the area irrigated, if the figures are otherwise correct. The 
area shown by this table as irrigated in 1894, exceeded 116,000 
acres. In the previous year it was less. The increase amounted to 
several thousand acres per annum, principally under the outer 
ditches, and at the lower end of these canals. The drainage from 
a portion of this area does not enter the Poudre, but instead it 
enters the Platte directly, and through the Lone Tree and Crow 
creek valleys. This seepage has amounted to probably not less 
than from twelve to twenty second-feet during the past few years, 
but is included in the seepage of the Platte and cannot be separated. 
But, considering that all this area is tributary to the Poudre, we have 
from 116,000 acres a return of 104} cubic feet per second on the 
average, or one cubic foot per second from each 1,100 acres irrigated. 
The seepage known to be caught and stored in reservoirs is more 
than enough to make the return one cubic foot per second for less 
than 1,000 acres. In 1895 it amounted to one cubic foot per second 
to every 700 acres. In the case of the Platte, one cubic foot per 
second returns from still fewer acres. 


TABLE VI. 
Oo : ' 
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Col. 2 3) (4) }. (@) | ©) (7) (8) (9) (10) (11) (12) 
a N. Pots a eres ar (aL 843 795| 2.480 63,626) 8,775 5,687} 1,993) 18,306 
2 |Box Elder canal ..:.| 1,280; 1,000 DO Keener 100 1,200 25 200 250) Semen 
Si ACAROW wistecar ss aiewaeres 497 197 160 5 90; 427 300 500 300 Tenet 
4 \Larimer Co. ........ 27,844 11,131) 4,010) ....|12,847|/ 120,888) 4,075; 113,795 16,713 27,830 
5 |Jackson ditch...... 3,160 991; 1,131 223 453) 5,246} .... 850) 2,169) 7,984 
6 |Small ditches.n. side} 2,054 453 786 145 886 4,542 100 5 2,770 2,101 ates 
7 |Larimer & Weld..... 59,507; 15,128] 7.428 878 32,182) 390,601) 6.702} 554,808] 44,384] 77.225 
8 |Pleasant Valley & L.} 8,221) 3,110) 1,750) 470) 2,234) 19.746} 1,972 3,655} 5,111] 17,387 
9 |New Mercer.......-.| 4,256 1,867) 1,664 174; 1,020! 48,015) 2,032 13.448 2,389 11,110 
10 |Larimer Co. No. 2..| 8,623, 985) 2,751 61} 2,680; 56.191 280 10,389 7,638) 18,545 
ait |PortiCollins. 1..-....| J.179i 874 492 45 387) 1,944 65 ; 860 805 Saas 
1 Pie tay- aa O16 C) a enenenes 1,735| 1,028 270 144 B51) 3,178 95 3,184 107 Seaue 
13 |Watrous, W. and 8.. 120 15 20 launeoe 25 ssoree{|, Jouce 600 45|" eee 
14 |Ames, P. and C. d’s.| 1,468) 1,303 409 295 646 17,036) 1.755 11,070 nts ee ees ce 
A alkOtscs een ew vc|) 16,242) 20761) 1,007 156} 1.762 36,698 3,855 23,280 jf, 166 11,262 
16 |Cache ala P. No.2..| 83,173) 11,128) 5,032 704| 15,065;| 236.689) 3,670; 602,485 22,045 70,610 
PW DAtHOY tice cee reece 2,080 683; 358 55 652) 10.461 100 175500) L897) 5 eee 
18 |Eaton and Jones.... 360 149 10) 119 135 1,900 250 2,240 VAM Wee weee ) 
OSIINO Oe ceaeralelisielsiete/s itn 1,275 480 a ae peal ee Ee sie i safer 
man.. 900 158 g 50 3 3,15 ; V4 2i\ sewer 
cH et eed ed Ae NEC 3,800) 1,728 20 eeteat hs 30 8 2OMTO5 | bee ce 29,660} 2,072) ..... 
Totals ...... 176, 848! 61,120! 29,193] 4,722! 76,119] 1,045,258! 29,351! 1,417,628] 116,228! 260,259 


§ 26. The foregoing table shows the distribution of the irri- 
gated land, and of the water applied in the valley, according to the 
cavals. The record is taken from the figures obtained by Water 
Commissioner Tenney in 1894, and include the first complete data 
for the entire valley. The data gives nearly the relative quantities, 


= 
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and is far better than other records available. Some of the figures 
will be referred to later. MG 

$27. On the Lower Platte the extent of the irrigated area is 
not so well known asion the Poudre. This portion of the valley 
includes two districts—Water District No. 1, from the mouth of the 
Poudre to the east line of Morgan county, just below the head of 
the Tetsel ditch, and No. 64, from that point to the State line. In 
the report of the Commissioner for district No. 1, for 1890, the total 
amount irrigated is given as less than 11,000 acress. In 1892 it is 
given as 43,730 acres. This latter is probably excessive. The 
amount is reported in 1895 as practically the same, distributed 
among the ditches as follows: 


; Acres. 
The tlardiniditeh..2es. ¢eec eee see 525 
The Hoover and Illinois ditches.--- ---- 720 
The Paitnam ditch. cee op eee ee 1,875 
The Weldon: Valley.-. eels eee 6,250 
The -Hort'- Morgan. s25.- 5 eheeh eens 12,600 
The Platte & Beavers oo ees 14,080 
The Platte & Beaver Supply-=--- ------ 9,500 
Déevelesnyderse 2 2 ee ee 1,000 


In district 64, through the courtesy of Mr. Patterson, the Water | 


Commissioner for that district, we are given the following approxi- 
mations: 


Acres. 

South Platte ditch _...__ _- Sele ee RIE ae 3,500 
The Pawnee!02:3 : . 26. See 4,700 
Schneider. 2. 23. La 2a), Peay eee ene 2,600 
Sterling Irrigation -Co..... 23 ~4,400 
Hendersonand :Smith.:-.. 2s eee 1275 
Sterling No.2 0.3.1...) 6 1,800 
Low: Line.202 oo. 1,900 
Springdale: 2225426. eee 3,200 
Powell and. Dillon 2... 2 eee 930 
Ditt & Platte Valley... 2 See 5,000 
Small ditches... 2450 4 6,000 
Or.attotaliof 22 2-2 6.2 oe 


This makes a total acreage for the valley of about 75,000 to 
80,000 acres. With an average inflow of 340 eubie feet per second 
from the mouth of the Poudre river to Iliff, this is an inflow of 
one cubic foot per second from 220 to 240 acres irrigated. This is 
far more than in the case of the Cache ala Poudre. It is to be 
noticed that in the case of the Platte, a relatively large proportion 
of the irrigation is given to the bottom lands, which are used for 
hay. The principal exceptions are in the vicinity of Fort Morgan 
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and Sterling. The river overflows the bottoms many years, and did 
so in 18938, 1894 and 1895, and soaks them with water sometimes 
for a considerable period. More water is applied in the bottom 
irrigation than in the uplands. The practice of fall irrigation 
is very extensively followed. The river then having sufficient 
water, all the lands with few exceptions are soaked. We do not 
have measurements to show how much water is thus applied, but 
from what I observed, and from the conditions, the watering seems 
to be relatively a very profuse one. This land receives more water 
than an equal area on the Poudre, and is, as a whole, much closer 
to the river. These conditions tend to give a more profuse and a 
speedier return to the Platte. 


On the Upper Platte, the conditions have not been under obser- 
vation, and the areas are not well known. The seepage of fully half 
avnillion acres drains into this portion of the Platte and the tributar- 
les which flow into it. In the cases of the latter, the construction 
of numerous seepage ditches have interfered with the natural flow 
of the water, so that the amount which reaches the river is much 
less than the total amount of seepage. A portion of the land irri- 
gated from these lateral streams drains directly into the Platte. 
This is especially the case with Clear creek. According to the 
reports of the Superintendent of Irrigation of this division to the 
State Engineer, there have been, using round numbers, 58,000 
acres irrigated in district No. 2, including the Platte from Denver 
to the mouth of the Poudre; 39,500 in: district 8, which includes 
the Platte from Denver to the canon. This is a total of 98,000 
acres irrigated directly from the Platte. In addition to this there 
are about 45,400 acres draining into the Platte which are irrigated 
from Bear creek, Clear creek, St. Vrain and Big Thompson, making 
ca total of 143,000 acres lying along the Platte and tributary thereto. 
This sum is rather above than-below the truth. Comparing with 
the total inflow, we have an average return of 332 cubic feet per 
‘second from 143,000 acres, or one cubic foot per second from 43 
acres. 

During the first four measurements the average return was 
264 second-feet, and during the last three, 423 second-feet. The 
latter is at the rate of one second-foot for each 238 acres. It is cer- 
tain that many acres of the land in this valley returns but little 
water to the stream. Whether the rate of increase noted in the table 
from year to year will continue, further measurements are necessary 


‘to determine. 
RELATION BETWEEN SEEPAGE AND AMOUNT OF WATER APPLIED. 


§ 29. An attempt was made to determine the amount of land 
‘the drainage of which enters each of the lateral channels and 
enters the river between the points of measurement, thinking that 
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this might explain some of the exceptional gains. . But still better 
is the amount of water which is applied, if it can be known. A man- 
uscript map was prepared, showing the location of the water rights In 
the principal canals. A water right usually includes the right to 
the water for 80 acres. From this mapa table was prepared, show- 
ing the number of rights draining into the river between the dif- 
ferent points of measurement. From the amount of water used by 
the different ditches during the year, as shown in Table V1, this could 
be expressed in acre-feet of water, or in the number of acres which 
would be covered by the water one foot in depth. The inflow can 
not be expected to be very closely proportional to the area irrigated 
or the amount of water applied between these points, or not until 
after a series of years. The return is slow, and there is reason 
to think that the seepage from some of the cuter ditches has 
not yet reached the river. The construction of seepage ditches, to 
drain the seepage water from the water-logged land, or to catch the 
seepage water, also interferes with the normal distribution. They 
collect and carry the water sometimes a number of miles from 
where it appears. The effect of the seepage ditches is to increase 
the apparent return near the lower end of the stream. The 
amount of water lost from the canals is much more than from an 
equal area of irrigated land. An area of one acre forming part of 
a canal channel loses as much water as 200 to 400 acres of land 
under ordinary irrigation. The losses near the heads of the canals, 
especially those near the mountains, is greater than the average. 
An estimate of the number of acres of canals would be desirable 
before the study can be completely satisfactory. 


From Table VL, we find 260,000 acre-feet of water is applied 
to 106,000 acres. This includes loss and waste from the canals, and 
is equivalent to a depth of 2.45 feet over the entire area irrigated. 
If this depth were applied by the smaller canals too, we have 284,- 
000 acre-feet applied in the whole valley. 

As a rule, the smaller canals have earlier appropriations from 
the river, and therefore use water more freely ; hence it is safe to 
assume that at least 284,000 acre-feet of water have been applied to 
the irrigated area. The amount of water. which is applied is affected 
by the stage of water in the river. When the river is high the 
canals are full, water is unstinted. If low, the amount used is 
decreased. In this case the ditches of later construction are the 
first to suffer. The development of storage reservoirs has increased 
the amount applied late in the season, especially since 1892. At 
present the reservoirs already in use in the valley of the Cache a la 
Poudre have a storage capacity of about 48,000 acre-feet, Of the 284,- 
000 acre-feet applied to the whole valley, about 35,000 acre-feet is 
applied so that it drains into the channels running into the Platte. 
Deducting this, as it does not affect the inflow into the Poudre, we 
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then have an inflow reaching the Poudre of 104 cubic feet per second, 
from an application of 250,000 acre-feet, or a constant flow of one 


cubic foot per second from each 2,400 acre-feet applied. The amount 


is actually greater than 104 second-feet, because of the amount, at 
present unknown, which is caught by the seepage ditches. As one 
cubic foot per second corresponds to 724 acre-feet in the course of a 
year, there is a seepage return of 724 acre-feet from 2,400 acre-feet of 
water taken from the river. If the seepage from the outer canals has 
not yet reached the river, then an actual application of much less 
than the 2,400 acre-feet gives the observed return. What the exact 
proportion is cannot be determined in this valley for some years to 
come, after all the land irrigated furnishes its portion of the seepage 
to the stream. 


§30. Bringing together the amount of increase in different 
parts of the Cache a la Poudre and the area of irrigated land 
which drains into the same section, we have Table VII. In the 
third column is given the amount of water applied to that portion 
of the valley whose natural drainage is into the river between the 
points indicated in the first column In the fourth column is given 
the per cent. of the total amount applied to the whole valley. 
In the column headed “Computed inflow” is given the amount of 
inflow there would be if the inflow were in exact proportion to the 
amount of water applied. How much land will furnish underflow 
to a given part of the river cannot be very closely told, even with 
detailed knowledge of the topography and the location of the 
farms where water is applied. The course of the underground 
drainage can be told in most cases, until the river bottom is reached. 
Thence the channels often end in sloughs, and sometimes follow old 
river channels, or the water is collected in seepage ditches, which 
carry it sometimes for considerable distances. From our present 
maps the limit of the drainage areas cannot be told with sufficient 
accuracy to make the areas and the amount of water applied, given 
in the third column, anything but an approximation. The table 
shows, however, that the relation is close enough to be more than 
accidental, and in future years, when the influence of the outer area 
begins to be felt, may be expected to be closer. 

It shows that there is a reason for the large amount of increase 
observed in the last few miles of the Poudre, before it empties into 
the Platte. 

In the case of the increase from the No. 2 canal to the Pump 
house, and from the Pump house to the Ogilvy ditch, it may be 
stated that a portion of the drainage above the Pump house enters 
the bottoms above that place, and does not enter the river until 
below that point. While the water applied is counted in the 
section above the Pump house, the seepage is included in the 
section below. It has not been possible to estimate this, and it is 
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therefore noted as a disturbing condition. Likewise, some of the 
seepage which should enter the next section between the Rump | 
house and the Ogilvy ditch, enters the river lower down. 


TABLE VII. 

2 Water Applied. Average Inflow from Seepage. 
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No. 2: to Pump house, Greeley... 15.0 114,000 45 7 8.6 48 2 
Pump house to Ogilvy ditch...... 2.5 23,100 9 8 19.2 10 8 
No, 2 to Ogilvy ditch.............. 17.5 137,100 55 9 45.2 57 2.5 
‘Ogilvy to mouth of Poudre....... 4.0 42,700 17 8 23.8 18 6 
Beyond mouth of Poudre......... aaka ,000 Rae Leas wae 


THE EFFECT OF TEMPERATURE ON THE INFLOW. 


$31. The effect which temperature might have upon the 
amount of inflow was not considered of any importance until the 
unexplained differences caused a consideration to be given to its 
possible effect. It is known that low temperatures increase the 
viscosity of water. he effect is especially noticeable in the flow 
through small tubes, so much so that five times as much water 
will pass through a capillary tube at 200° as at 32° F. The effect 
has been noticed on the amount collected by drains, and in varying 
the discharge in cases like those of the gathering pipes of the 
Denver Water Co. in the bed of Cherry creek. A comparison 
between the soil temperatures at the Colorado Agricultural College 
and the inflow into these gathering galleries has been made in bul- 
letin 38 of the Utah Experiment Station. As our measurements of 
the seepage were nearly all taken in the same month, it was not 
thought that the difference of temperature would be sufficient to 
affect the quantity of flow. But it may have a much greater effect 
than was at first thought probable. The water-carrying stratum 
lies at different depths, and is of different thicknesses. Its temper- 
ature therefore varies. ‘Besides, the descending water carries down 
the temperature of the surface to some extent. Still, the indications 
of the soil thermometers may be taken to show the variations in the 
temperature of the seepage water at the time of gaging, and hence 
give the means of estimating the effect of temperature. 

lhe readings of the soil thermometers will not be far from the 
temperatures of the soil at the corresponding depths throughout the 
Cache a la Poudre and the Platte valleys. There are three sets of 
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thermometers: One in well-drained irrigated soil; one in low, 
undrained irrigated soil, the water standing within six feet of the 
surface; and one in well-drained unirrigated soil. Ata depth of 
six feet the variation during the year is from 20° to 24°, being 
least in the low ground. At three feet in depth the range is 32°. 
At six feet the highest temperature of the year is reached early in 
September, the lowest early in March. Its temperature thus lags 
six or eight weeks behind the temperature of the surface. At 
three inches depth the annual range is about 70°. With the range 
of temperature at the depth of six feet, other conditions remaining 
the same, one-third more water would flow in August than in March, 
and at a depth of three feet, nearly one-half more. 

But as the gagings of the different years were made at almost 
the same time, the difference in temperature is comparatively small, 
and the effect in different years for the same month will be less 
marked. Nevertheless it is not insignificant. 

The table shows the average temperature at three and six feet 
depth during the time of the gagings of the Poudre river, and the 
amount of inflow found is shown in the fourth column. 

Had the temperature been uniformly 60° instead of that 
observed, the amount of seepage would have been that given in the 
last column. This is under the supposition that the temperatures 
at three and six feet in depth from the surface will be the most influ- 
ential. The correction is obtained by determining graphically the 
co-efficients of viscosity from the co-efficients, at 32°, 50°, 68°, ete.t 


TABLE VIII. 


TEMPERATURE OF SOIL AT 3 AND 6 FEET BELOW SURFACE, 
AND ITS EFFECT ON SEEPAGE. 
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Oct., 1889 ....|. 57.8 59.4 99.0 101 |Set A in dry, well-drained irrigated soil. = 
Oct., 1890.....] 58.7 56.2 | 100.8 104.8 |Set Bin low ground, water standing within six 
Ooty 189. =| 15527 54.9 84.6 90.4 | feet of the surface. 
Mar., 1892.....| 38.9 40.0 #96. 122.0 
Oct. 1892)... . 60.4 59.9 101.6 101.4 
Noy.., 1893. ....| 51.5 53.4 98.7 108.6 
Mar., 1894.....| 36.2 37.9 82.3 107.2 
Aug., 1894.....| 64.3 62.5 118.2 113:5 
Oct., 1895..... 52.2 52.3 164.4 187.4 ? 


* To Ogilvy ditch. 


The amount of return throughout the year is sensibly the same, 
the principal disagreement being the one for March, 1892, when 
the gain in less than the full distance would have been 122 second- 


+ Daniell’s Physics, p. 306. 
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feet, and in 1895, when the gain was much greater than in previous 
years. The large gain corresponding to March, 1892, is probably 
due to the fact that this measurement was taken immediately fol- 
lowing a storm, which had covered the ground with snow, and, 
slowly thawing, had filled the surface of the soil. Such a case as_ 
has been shown by King, makes its influence felt at once on the 
underground water, even though the intermediate space be dry. 
The return for 1891 is less than the average amount. There is a 
doubt concerning that gaging. The measurements of the lower 
part of the stream from the Pump house, at Greeley, to the mouth 
of the Poudre, were made by Messrs. Hope and Trimble, who con- 
tinued down the Platte, while the upper ones were made by other 
parties. The results of the lower party were taken and compared 
with those of the upper. It is possible that the interval of one day, 
or the use of different meters, may have had some effect. 

There is a sensible increase after allowing for the effects of 
temperature. 


RAPIDITY OF FLOW OF SEEPAGE OR UNDERFLOW WATER. 


$32. Inquiries for information regarding the movement of 
underground waters is so frequent, that though it was not intended 
to say anything on the subject in this bulletin, it is desirable to give 
a brief statement of the facts as they appear to be. 
Direct evidence of the speed with which water passes through 
any considerable distance underground is almost entirely wanting. 
Attention has been awake to evidence bearing upon the question, 
but in the course of extensive travels over much country for some 
years almost none has been encountered. Cases where lands have 
been seeped subsequent to the construction of a ditch have been 
sought, but most cases have been complicated by other conditions, 
which make the answer anything but conclusive. Subsequent 
experience has also led to the conclusion that the appearance of 
seepage may give very unreliable testimony. For example, on the 
grounds of the Colorado Agricultural College a well was sunk about 
200 feet from a canal and about ten feet lower. In the course of 
some measurements on the well, it was found that whenever water 
was turned in the ditch the water began to rise in the well within 
twelve hours. There is every reason to doubt that water passed 
that distance in that time. The case is similar to that where water 
is turned in a hose. If the hose is already full of water, water 
immediately begins to run from the lower end. If the hose is 
empty, some time will be required to fill the hose before the water 
begins torun. If already full, the pressure is transmitted in ver 
short time, and the increase which is seen’ very often i sa 
S very often in the flow of 
seepage when water appears in a neighboring canal may be due to 
the transmitted pressure, rather than to the direct passage of water. 
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Where there is a periodical change in the head supplying the water, 
as in the case of the canals, there may be a series of underground 
waves affecting the height of the ground water. The rise and fall 
of such a wave, which started years before, may be mistaken for 
the rise and fall due to the periodical rise in the canal. 

Thus the case of the Natron ponds, which rise in March, and 
are located thirty-five miles from the Nile, and which Storer (Agri- 
culture, 1:56) attributes to the rise of the Nile of the previous Sep- 
tember, is probably such a case. 

$33. The best case met with was near Montrose. A deep 
gulch starts in the mesa below the Montrose canal. Passing across 
this depression the glistening in the moonlight of the alkaline 
deposit on the shale at the bottom attracted my attention, and on ~ 
inquiry it was learned that this began to show slightly two years 
after the canal was used, and in considerable quantity in three years. 
The distance from the canal is three miles. This would make the 
speed about one mile per year. 

§34. Direct experiment on the rapidity under field conditions 
have been unsatisfactory or inconclusive. Col. E. 8. Nettleton, as 
Chief Engineer of the U.S. Irrigation Investigation for the Depart- 
ment of Agriculture, aided by W. W. Follett, attempted to deter- 
mine the rapidity in the sands of Cherry creek, and on the Rio 
Grande, but with inconclusive results, except to come to the con- 
clusion that the velocity was very slow. * 

In the sands of the Fountaine qui Bouille, Mr. D. C. Henny 
concluded that the water had a velocity of about seven feet per 
hour.+ The method of arriving at this determination is not given. 
From other evidence it would seem to be excessive. 

Water Commissioner J. T. Hurley, of Orchard, reports that 
under the Weldon Valley canal the seepage has progressed one and 
one-half miles in five years. In one case under the Larimer 
County canal, according to Mr. N. C. Alford, it was five years before 
seepage showed at a distance of forty rods from the canal, though 
the slope was considerable. In one case near Greeley, according to 
Mr. S. A. Bradfield, it seems to have taken about ten years to go two 
and one-half miles. 

§ 35. The rate is certainly slow, and observers throughout the 
State whose attention has been called to it now agree upon its small 
progress. A few years ago most of them believed in a rapid flow, 
as still do most of the adherents in the belief that there is a great 
“underflow ” under the plains. 

Comparison with familiar facts would lead one to expect slow 
progress. The water in passing through sand and gravel must 


* Final report Artesian and Underflow Investigation ; Pt. 2, p. 34. 
Quoted by J. D. Schuyler, report as consulting engineer to the Pueblo 
Gravity Water Co. 
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pass through small openings, which form a series of minute, tortu- 
ous and long tubes. It is a fact of common observation that the 
pressure of water is much reduced by attaching a short length of hose 
or pipe. In the case of flow through sands, the openings are many 
times smaller, and the length may be very great, hence no matter 
how great the fall, the effect of the pressure is throttled by the 
friction. 


$36. In the lack of direct field evidence, we need to resort to: 
laboratory experiments. An accomplished French engineer in 
investigating the water supply for the city of Dijon, experimented 
upon the flow through sand. He used a cast iron tube twelve feet 
long and twelve inches in diameter filled with sand, measuring the 
amount of water which passed through under different heads, and 
determined the relation between the pressure and the velocity. * 


§37. From the experiments of Darcy developed by Dupuit f, 
it is found in minute channels the velocity varies directly as the 
head, and may be expressed by the equation, 

v= kt 
in which v represents the velocity, 7 the inclination (being the head 
or fall in a given distance divided by the distance), and & a factor 
which varies with the kind of soil, size of interstices, etc. This fac- 
tor varies widely in different soils. It can be determined by exper- 


iment in specific soils, and the results there obtained applied to 
others of similar character. 


Table IX. is an attempt to put into tabular form, which will _ 
be practically useful, the value of the factor k for different cases. 
The table gives the factor by which the rate of inclination or grade 
(expressed by the fall in feet divided by the distance in feet) is to be 
multiplied to give the velocity in feet for the unit of time given in 
the corresponding column. The table is made from data obtained 


from the filters of London, Paris and Berlin, through Professor 
Nazzini, of Rome. || 


_ $38. Since water is more viscous at low temperature than at 
high, the formula given in §37 should evidently include a factor 
depending upon the temperature. From the experiments of 
Poiseulle { this factor would be 7.00187 (t-82°) -|-.00007 (t-32°) 
for any other temperature than freezing. 


% Darcy, Les eaux publiques de la ville de Dijon. 

+ Traite de la conduite et de la distribution des eaux. 
e not had the opportunity to consult at first hand. 

|| _Idraulica pratica, 1:608. 


{ Recherches experimentales sur le mouvement des liquides dans les. 


tubes de tres petite diametre. Quoted, Jamin et B i 
é ’ ed, ty 
p. 100; also see Daniell’s Physics, p. 308. Weide! 


I hav Darcy and Dupuit. 
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TABLE IX. 
TABLE FOR VELOCITY OF FLOW THROUGH PERMEABLE SOILS. 


Values of k in formula, v=hi, for different units of time: vis 
velocity in feet ; i is the inclination or fall in feet per foot. 


ia om * 
oO © Velocity. 
Aa oad 
cnt aes 
Kind of Material. of oF 
mips Per Per Per Per 
q o ||Second,| Hour. | Day. | Year. 
a 4 
METH MEC LAV crtasienein apices hiss ccisetone seein sealer OS 0.41 024 86.47 | 2075 757520 
WonEdel Sanden, asiabawie viene conan S ccmepsinha tian Seal ane 0.38 0026 9.33 224 81730 
Fine Sand.... diate 2 008 0.35 00047 1.69 40.5 14777 
DAR YAS OI. Ct eta states woate mame Smee eet 0.30 00022 19 18.9 6897 
CAN Vi Clays. acted sacanatatalsecet tere nale cu oaeon a Haleoke 0.25 00012 42 10.2 8725 
Cla ; eva 0.20 00003 py -al 2.8 1035 
RP ee, ajole ee cteniew rece mea ehecre a neste Som ans ee aS “00008 "295 4 2587 


ExamMPLEe.—What distance will water pass through coarse sand in a year, 
inclination about 1 in 100? 

Here 71-100. If the sand averages 1-10 inch diameter, without finer 
particles, it would approach what is here designated as minute gravel. In one 
year the distance would be the number 757,520 multiplied by the inclination, 
1-100, giving a distance of 7,575 feet, or about one mile anda half. If in coarse 
sand, as here termed, a distance of about 800 feet. 

If the movement is downward, then7is1. If there is a head in addition, 
then 7 may be greater than 1. 


§ 39. An opportunity to measure the loss by seepage from a 
canal, and, indirectly, the rapidity of passage of water through the: 
soil, occurred at the time of making the seepage measurements. 
The Fort Morgan canal is of considerable size. It was measured! 
about three miles below the headgate. Another measurement was. 
made at a point 7.4 miles from the first, at the head of the old flume: 
across Bijou creek. Two small laterals between were withdrawing: 
water. This was measured and taken into account. For much of 
the distance the canal skirts the bluffs between the bottoms andi 
the up-lands. For part of the way the soil is very sandy. At the: 
first point of measurement the canal was carrying 208.28 second- 
feet; at the second point, 183.83 second-feet. The intermediate: 
laterals withdrew 4.37 second-feet. Hence the loss, including seep-- 
age and evaporation, amounted to 20.08 second-feet. The evapora-. 
tion from the surface, averaging forty-five feet wide, under the con-- 
ditions of temperature of water and air cannot exceed one-fourth 
of one cubic foot per second, by use of formula in annual report. 
of 1891. * 

Practically, therefore, the whole loss is seepage. This streteh 
of the canal has not been cleaned for some years, except that in 


* Annual report, Section Meteorology and Irrigation Engineering, Report 
Colorado Experiment Station, 1891, p. 51. 
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1895 some material was taken from the bed of the canal to 
strengthen the banks. : 

§ 40. A new section had been built on the same canal to avoid 
a long flume on the old line. Water had been running in the new 
portion for three weeks at the time it was visited. The total length 
of the new portion is 10,100 feet, including 400 feet of flume. A 

measurement was made of the water of this section, both at the 
' upper and lower ends. Some water was running through the old 
flume. The amount decreased from 109.15 second-feet, to 97.67 
second-feet, in passing through the new channel, or there was a loss 
of 11.48 second-feet. The new flume wasso nearly water tight that 
its leakage may be neglected. 

$41. In these two cases we may estimate the rapidity of the 
flow of water through the soil. In the first case, the loss of twenty 
feet took place in a distance of 7.4 miles. The average width of the 
channel was 45 feet, hence the area of the canal in this distance 
was nearly forty-one acres. The loss corresponds toa layer of water 
of 11.7 inches deep in twenty-four hours. As the water occupies a 
space of about one-third of the sand, its velocity through the sand 
is three feet per day. It is unquestionably true that the loss takes 
place at unequal rates in different portions of this stretch, so that 
this rate, as in those which follow, is an average one for the section 
considered, 

In the second case, the loss was 11.48 second-feet in a distance 
of 9,700 feet of channel. The average width was forty feet, giving 
an area of nine acres covered by the water. This corresponds to the 
loss of a layer of water 2.53 feet deep over the whole area of the 
canal. For half of this distance the canal extends along the sand 
bluffs which line the west side of Bijou creek, and is from thirty to 
ten feet above the channel of the creek. It is in a compact mate- 
rial, some of which needed to be blasted in constructing the 
channel. Onrthe east side of the creek, it passes through a loose 
sandy soil, which slopes about one per cent. toward the creek. From 
evidence since obtained from the canal superintendent, Mr. Ding- 
man, it seems probable that the loss from the west side is small or is 
insensible. A hole bored under the channel, and within a few 
inches of the water, was perfectly dry. If the loss is from the east 
side only, the rate must by twice as great as if from both sides, or 
would correspond to a layer five feet in depth per day over this 


portion of the canal. This would correspond to a velocity through 
the sand of about fifteen feet per day. 


§42. On the Hoover ditch, running at the base of sandy 
bluffs, but with the bottom of the ditch covered with a fine silt, the 
loss in a distance of 1,500 feet was at the rate of 1.2 feet in depth 


for Biocon hours, or a velocity of 3.6 feet per day through the 
sand. 


- 
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§ 43. On the Muzza canal, in Italy, the loss is equivalent to a 
layer 1.7 feet deep per 24 hours. The canal runs through an 
exceedingly pervious soil, and has a great fall. 

The Naviglio Grande, of Italy, loses a layer of water ten inches 
deep. The Canale Martesana, a layer 1.5 feet déep daily. The 


three canals above mentioned have been built for some 700 years. 


The Centreville and Kingsburg canal, in California, from data 
given by C. E. Grunsky, of San Francisco, loses an average of five 
feet in depth, for six miles, in twenty-four hours. In one particular 
mile, where the loss is excessive, because of porous soil as well as from 
the location of the canal, near the edge of a bluff, the daily loss 
amounts to a layer fifteen feet in depth. This is an extreme case. * 
Another case of a great loss occurred in the Cavour canal, of Italy, at 
the crossing of the Dora river. This was by an artificial embank- 
ment. At first the loss amounted to a layer nearly twenty feet in 
depth. This was afterward very much reduced by using muddy 
water and allowing the silt to settle, and fill and cover the surface. 

If we consider that in each of these cases the water occupies 
one-third of the volume of the sand, the distance it flows in twenty- 
four hours would be three times the thickness of the layers noted 
above, or from 2.5 feet on the Naviglio Grande to 60 feet in the 
Cavour instance. 

It may be said, in passing, that the amount of loss from the 
canals may be much reduced by the settlement of fine clay or sedi- 
ment. In one case, in the Cache a la Poudre Canal No. 2, where 
the seepage had made a considerable area so wet as to be impassa- 
ble with teams, a check built for other purposes, by causing the 
deposition of silt, was sufficient in a few years to lessen the seepage 
so that the land became passable. 

Another instance, illustrating the same effect, was shown in a 
canal near Greeley. When first built, considerable damage was 
done from the raising of the ground water and flooding cellars in 
some parts of town. After a few years the cause of complaint dis- 
appeared, silt sealing the bottom of the canal. In 1895 sand was 
obtained from the bottom of the ditch, where the ditch crossed a 
ravine, and where there was a good deposit of sand suitable for 
building purposes. The top layers of the sand were partially 
cemented. Within a few months after water was turned in com- 
plaint arose regarding the influx of water into the cellars. Ten 
days after the water was turned out of the canal, the water began to 


* Since the above was in type, additional data, obtained through the cour- 
tesy of Mr. Grunsky, indicate losses of depths of 1.5, 1.7, and .6 feet, from 
stretches of the Kings River and Fresno canal; of 2.8, .25, and .4 from portions 
of the Fresno canal, and 1.2, 1.9, 3,7 and 6.4 feet from certain laterals, the veloc- 
ity through the soil being about three times as greav. 
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go down in the cellars, falling about six inches in three weeks, and 
eighteen inches in a little over two months. A measurement of the 
amount of water in the ditch was made October 16, at the time of 
gaging the river, both above and below the point where the great 
loss was suspected. The quantity in the canal decreased from 25.86 
cubic feet per second above the place, to 20.80 a little distance 
below, or a loss of 5.06 cubic feet per second. The total distance 
between the two measurements was forty-six rods. The total area 
of water surface was not noted, but with the increased breadth of 
the canal at the ravine crossing it is about one-half an acre. This 
would be equivalent to a depth of twenty feet, over the area wetted 
by the canal, in twenty-four hours. 


SOURCE OF THE INCREASE. 


§ 44. Whether the water forming this increase to the streams 
comes from the rainfall or from the waters applied in irrigation, is 
important to determine if possible. From the nature of the case, 
it is not possible to indentify the water, but a comparison of the 
increase between different regions of greater or less irrigation gives 
some basis for a conclusion. If the increase is partially or wholly 
from irrigation, it follows that the inflow will increase from year to 
year, as the amount of irrigation increases ; that the lower reaches of 
streams will have a more regular supply; that the increase will 
show itself farther down stream, making it possible to gradually 
bring more land under cultivation; that many of the dry streams 
will become living ones; and that the damage which riparian 
owners in this and other States have claimed to be done by irriga- 
tion on the upper portions of the rivers will become less as time — 
proceeds. If the inflow comes from and is due to the rainfall, then 
we cannot look for benefits of this kind, and those on the lower 
reaches cannot hope for a future lessening of the damages. 


§45. Such gradual increase of the streams is common in 
countries with considerable rainfall, but the size of the streams and 
the invisibility of the small sources serve to mask it. The lack of 
measurements prevents the fact from being noticed. The rainfall in 
Colorado averages less than fourteen inches per annum. With this 
amount of rainfall, or with the rainfall of exceptional years, would 
there be any return to the stream without irrigation ? 


_ _ $46. There was no observation of the phenomenon before 
Irrigation was practiced. But neither was there settlement. Irri- 
gation was practiced for some years on the bottom lands before the 
use of water was sufficient to dry the stream bed, and thus make it 
possible to notice a small inflow, either by its effect on the volume 
of the stream, or by exposing the points of inflow. If there was 
any such inflow, it certainly was not sufficient to prevent the Platte 
from going dry in 1863 and other years. At the time of the first 


SEEPAGE OR RETURN WATERS FROM IRRIGATION. 51 


measurement of the Poudre by Col. Nettleton, in 1887, the increase 
amounted to eighty-seven cubic feet per second. 

§ 47. Where there is abundant rainfall, there is no question 
but that it furnishes a supply to the streams through underground 
passages, with effects similar to those noticed in the measurements of 
these streams. The amount which thus percolates through the 
ground is the portion of rainfall remaining after the run-off and 
the evaporation have been supplied. We have no direct observa- 
tions under our conditions to determine positively how much, if 
any, of the rainfall remains to supply the underground water of 
the soil. Lawes & Gilbert, of Rothamstead, have maintained a 
series of drainage gages for a number of years. In the twenty-two 
years, from 1871 to 1892, fifteen to sixteen inches of the rainfall 
passed through forty to sixty inches of soil, and joined the subsoil 
water. This would be available for springs, and doubtless largely 
increased the volume of the streams draining the country. This 
was out of a total rainfall averaging 29.95 inches. Hence it fol- 
lows that some thirteen inches in the humid atmosphere of England 
was required for evaporation from the surface of the soil, which was 
left uncropped and free from vegetation. 


§ 48. With a smaller rainfall, it is not probable that the 
evaporation would be less. The greater dryness of our climate, the 
greater amount and intensity of the sunshine, which heats the sur- 
face of the soil intensely, are conditions which favor evaporation. 
The uniform dry condition of the soil shows that there is none too 
much for the evaporation alone. Our average rainfall is but little 
more than the amount which was evaporated from the soil in Eng- 
land, and some of this runs directly to the streams. It does not 
seem probable that there can be any left for percolation into the sub- 
soil, except. under unusual circumstances. In 1895, when eighteen 
inches of rain fell, not much more than usual was available for 
evaporation and percolation, since with the heavier showers a larger 
proportion runs off. 

That the inflow comes almost entirely from irrigation is shown 
indirectly by the well-known effect of irrigation upon the height 
of water in the ground. Before irrigation, the distance to water 
is generally great, and the quantity frequently scanty. The appli- 
cation of water in large quantities to the surface, as in irrigation, 
fills the subsoil when porous, and raises the level of the ground 
water as much as forty to sixty feet in some cases. This establishes 
a steeper grade to the surface of the water in the soil, and gives the 
conditions which causes the water to pass through the ground with 
greater rapidity, and also with larger cross-section, thus increasing 
the amount of flow from both causes. The great distance to the 
ground water before irrigation, the scanty supply, the low grade of its 
surface, would in itself show that the amount received from the nat- 
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ural rainfall is small, and if this furnishes any inflow at all to the 
streams, it must be but a small proportion of the amount at present 
furnished under the conditions introduced by irrigation. 


§49. From the mountain water-shed of the Poudre river our 
observations show that from four to six inches of water runs off 
from the whole area during the course of the year.* From the 
plains included in the measurements reliable observations are lack- 
ing. From the curve shown, by F. H. Newell, in the report of the U. 
S. Geological Survey for 1892-3, the amount of run-off may be 
estimated as from two to four inches. The amount varies with the 
soil, the slope of the ground, and the character of the rainfall. 

When the precipitation is in slight showers, nearly all the rain- 
fall evaporates within a short time, without penetrating more than 
the surface of the soil. It requires a heavy rain to saturate more 
than the surface, and furnish some water for percolation. In the 
ordinary condition, a rainfall of two inches will penetrate not over 
ten or twelve inches. Heavier rainfalls within a short time are 
needed before there can be any percolation from the rain. On beds 
of pure sand most of the water immediately soaks in, and very lit- 
tle is lost either by evaporation or by run-off, hence it is that water 
is generally found at moderate distances from the surface in the 
sand hills. There have been but twenty-two months in eleven 
years of observation at Fort Collins in which the total rainfall in 
one month has exceeded two inches, and in only eleven cases has 
as much as this fallen in one week. If the rain falls rapidly a 
larger proportion runs off than when there is time to soak into the 
ground. The case most favorable to percolation which our records 
show is in 1895, when two rainfalls, each of 2.5 inches, followed each 
other with only a few days interval. The first one nearly all soaked 
into the ground. The second fell on a ground already saturated 
and nearly all ran off, causing unusually high water in the streams 
in consequence. ‘There are only one or two other cases in which as 
much as three inches fell within a few days. But even here, the 
most favorable of the cases, if the ground is dry, which is its ordin- 
ary condition, there cannot be much percolation, and it is very 
doubtful if there is any. 

If, however, the ground is already wet, as may be the case with 
the lands which have been irrigated, and the surface is loose and 
porous so as to absorb the rain as it falls, as is the case with culti- 
vated lands, there is reason to expect that the rain will cause an 
increase in the underground flow. _The rainfall alone, without the 
irrigation, would not cause it, and it is a consequence of the arti- 
alles introduced by irrigation, and may properly be con- 

S due to irrigation. A portion of the unusual increase 


*Annual reports, 1890, 1891, etc. 
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found in 1895 is probably due to this cause. The inflow for 1895 
was sixty second-feet more than the average. The rainfall was over 
four inches more than the average. Yet the extra sixty feet 
throughont the year would be given by a depth of one inch over 
40,000 acres. If this comes from the rainfall, we must conclude 
that but very little of the extra rainfall was effective. As irrigation 
water is applied more freely because the supply in the river is 
greater, it seems more probable that the larger amount is due rather 
to the more water used than directly to the greater rainfall, though 
at present the effects cannot be entirely separated. 


§ 50. Direct evidence bearing on the question was sought in 
the Platte measurement of 1894, but with negative results. If 
there be any substantial increase from such source, then the chan- 
nels which conduct the drainage from a large area should show 
some indications of it. There are a number of such channels 
leading into the Platte, each of which drains over 1,000 square 
miles. This is more than the mountain water-shed of the Poudre 
river above its exit from the mountains. As the surface of the 
rock or impermeable surface has the same undulations as the sur- 
face of the ground, the underground drainage must follow essen- 
tially the same lines of drainage as the surface. This is shown 
plainly in the excellent sections taken at various points across the 
plains by Col. Nettleton and Mr. Follett.* One of these sections 
was across the valley of the Platte at Sterling. 

The streams following these drainage lines, while permanent 
near their upper ends, are almost never flowing near their outlets 
into the Platte. It has generally been believed that these streams 
furnish much water to the Platte through the sand of their beds, 
and it has been a favorite article of belief among the adherents in 
the underflow idea. If this be the case, it ought. to be shown by 
taking a measurement of the river above the mouth of the stream 
and below, far enough apart to include the bed of sand forming the 
channel. Even if the increase is not noticeably. great, the rate of 
increase might well be expected to be greater than for the average 
of the stream. 


§ 51. In order to test the question, I instructed the observers, 
in 1894, to measure the river above the important drainage chan- 
nels, and also below. This was done by Messrs. Trimble and 
| Preston, with the results shown in the detailed tables, and brought 
- together in Table X. In most cases the channel spreads out into 
the bottoms of the Platte, so that it is sometimes necessary to make 
the measurements several miles apart, in order to include the ex- 
pected inflow. 


* Reports Artesian and Underflow Investigation, 1890-1, 1892, U.S. Depart- 
ment Agriculture. 
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At the time an estimate based on the flow through the sands 
and the amount which might be expected, had not been made, and 
the results were so much less than had been expected—in some 
eases, in fact, showing an actual loss—that it seemed advisable to 
secure the measurements of another year, to confirm or disprove 
the results, before reporting them. In 1894 the volume of the 
river was so small that the errors in the measurement should be 
small. In 1895 the volume of the river was so great that plans 
had to be changed, and the number of measurements reduced. 
Enough, however, were taken to confirm the essential accuracy of 
those of 1894, and a personal inspection of the channels, with this 
in mind, indicates that at the best the increase from such sources 
must be small. 

§ 52. The number of cases in which there is a loss instead of 
a gain is striking; and even granting that there is no increase from 
these streams, a loss was not expected. It may be said that the 
second measurement has been taken too near the outlet to catch 
the underground flow. In most cases this is not the case. The 
topographical features—the narrowing of the bluffs or some other 
feature—usually guided the choice of the second point. The map 
and the detailed tables of the 1894 and 1895 measurements will 
give a fair chance to make an independent comparison. In the 
_ ease of the Bijou, the second gaging in 1894 was taken near the 
head of the Platte & Beaver canal but a short ways below the 
Bijou. In 1895 it was taken over a mile lower down the stream, 
and where the bottoms were narrow. A third point of measure- 
ment was taken in 1894 at the head of the Platte & Beaver supply 
ditch. Comparing the gain between the point above the Bijou and 
this place, we find a slight gain, but it is still less than the average 
of the river. There is very little irrigated area draining into this 
section, and it is éspecially little between the first and second points 
of measurement. There is some loss for the whole distance from 
evaporation, but during the time of these measurements it is diffi- 
cult to account for a loss of more than one cubic foot per second 
per mile from this cause. It has beén suggested that these loses are 
due to the varying depths of the bed of sand under the Platte, and 
the nearness of the bed rock in places. There is evidence that the 
thickness of the layer of sand varies, but definite data is lacking. 
If this be the cause of the loss, it would suggest that the bed of the 
Platte is washed out below the entrances of most of the streams, or 
else is filled with a coarser and more porous sand. The gain due 
to the nearness of the rock in some places should correspond to the 
loss at other places. At the measurement above the Bijou creek, 
there is a reef of rock. It shows for most of the width of the 
stream, and, at any rate, leaves only a small channel of sand. The 
gain, however, while more than in many other places, has not been 
marked enough to give great weight to this cause. 
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The question needs to be left open for future information. 
But the result, however, shows that the gain from the natural un- 
derground drainage cannot be much at best, and is probably noth- 
ing, at least too small to be measured. 

The rainfall given in Table X. as the average for the given 
water-shed is derived from observations taken at stations on or 
close to the water-shed. It may be considered as a fair average of 
the amount falling upon the area draining into the channel. 
As the stations are few in number and the records not complete, the 
amounts are approximations of varying degree of reliability. 

The drainage areas have been determined with a planimeter 
by measuring the area tributary to each stream from a map pub- 
lished by the Post-Office Department. They show the extent of 
the area tributary through these dry streams. Were the run-off in 
the course of a year equivalent to a. depth of only 1.4 inches over 
the water-shed, each 1,000 square miles would give an average flow 
of 100 cubic feet per second ; or, a run-off of a depth of one inch in 
a year, from the basin of the Bijou, would give a constant discharge 
of 100 cubic feet per second. 

A calculation by aid of Table IX. shows that the amount de- 
rived from the inflow from these streams must be small. The 
breadth and depth of the beds of sand are unknown. If we 
assume a bed 80 rods wide and 1 thick, or an area in cross-section 
of one-half acre, and a fall of thirty feet per mile, then from Table 
IX. the velocity may be expected to be from 2 to 8 feet in 24 hours. 
As this is the fiow through the interstices of the soil, which are one- 
third only of the section of the sand layer, the whole amount cor- 
responds to from 1 to 4 acre-feet in 24 hours, or toa constant flow of 
less than 2 cubic feet per second. 

It is not surprising that the measurements do not. show any 
decided gain from such sources. 


TABLE X. 
INCREASE OF RIVER AT MOUTHS OF STREAMS. 


(The negative sign indicates a loss.) 
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§53. The fact that, as a whole, the gain is small is a striking 
one, and even more so that there is In so many places an actual 
loss. 

It, then, seems true that the amount of inflow brought down by 
these sands is much less than has been believed. 

It seems difficult to account for as great losses at such points 
as is shown by some of the measurements, although the loss can be 
but little. 


$54. We have not been able to secure enough detailed in- 
formation of the location of the irrigated lands along the Platte, to 
be able to make a comparison in detail of the inflow and the irri- 
gated area. The areas irrigated stretch along the Platte, usually 
near the river. The area watered near Fort Morgan is, perhaps, the 
most extensive, and farther from the river than the others. The 
number of acres which are tributary to each portion is not known 
closely enough to state in acres. But, making a general compari- 
son, we have the following table. The most that can be said from 
it is, that the amount of increase bears a relation, in a general 
way, to the extent irrigated. 


§ 54. Comparing the distribution of tbe inflow on the South 
Platte river with the irrigated lands, taking the average inflow as 


given in Table V., the average inflow to the State line is 2 feet per 
mile. 


TABLE XI. 
Sa) 8 
6a | Be 
ake S 5 REMARKS. 
a4 
From mouth of Poudre to aes Receives seepage from about 10,000 or 12,000 acres. 
lardin(ditchs ecccsse cane: 8 62.0 watered from Poudre, also from Upper Platte. 
From Hardin ditch to Put- it irrigation — i inoi 
MAMA CIO Se ae esc ayant - aoe 17.2 Lie ie lie See” 
Fr Pp i i ’ 
i acne are e. dick Hi re Putnum ditch ; large part of Weldon Valley canal. 
From Fort Morgan canal to Most of Fort M i 
orgam canal, remaind f 
Platte & Beaver canal....... 11 46.6 Valley, Deuel & Snyder, and Pyott. SF 
From Platte & Beaver canal to Part of For 
t Morgan canal, Platte & Bea 
Ba dor No cneh cnet nn. tesa 14 49.9 most of Platte & Beaver supply. ae ae 
From Snyder to Merino....... 18 55.4 [Some of P. & B. supply ditch, P. & B., and Fort 
Morgan canal; most of South Platte ditch, all of 
Edwards and Johnson, Snyder, and Tetsel ditches. 
From Merino to Sterling...... 14 33.7 |Large part of Pawnee, Springdale ditches, and other 
Sterling ditches. , 
From Sterling to Lliff......... 9 17.7 |Remainder of the Sterling group. 
From Iliff to Crook .......... 17 20.3 |The Iliff ditch. 


ays 36 21.3 |Almost no irrigation. 


Total gain............... 149 | 298.7 
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EFFECT OF IRRIGATION ON THE UPPER PORTIONS OF THE STREAM. 


$55. A question which arises in connection with the applica- 
tion of water and which has been warmly. disputed, is as to the 
effect on the lower stream of irrigation on the upper portions of a 
stream. In the way in which land has been brought under culti- 
vation, it has happened in most cases that lands along the lower 
portions of the stream have been settled, while lands above have 
later been brought under cultivation. It follows then that these 
latter lands will often see the water go by to supply those others 
which were first improved. In some places it has been contended 
that the application of water to the upper lands is an actual benefit 
to the lower lands, and in some cases the contention has been parti- 
ally granted. 


It is evident that the water which returns to the stream returns 
slowly. It returns sooner when the distance is short and the gravel 
is coarse. The volume of the stream fluctuates between wide lim- 
its, while the effect of passing through the ground is to even the 
flow, and hold the water until later in the season. Usually the 
streams are high early in the season, and in June have more water 
than can be used; they are low in August. If this retention by the 
upper lands is such as to diminish the height in June and increase 
the amount in August, the result is evidently a benefit. As the 
effect of the subtraction of the water from the stream is immediate, 
while the return is slow, the abstraction of water in low stages will be 
felt more than the return from the seepage. Hence, fora portion of 
the time at least, it seems that the use of water on the gravelly 
plains of the upper parts of our streams will be a benefit to the 
lower portions, irrespective of the date of their respective rights. 
Just when the effect'of the direct diversion is greater than that of 
the return could be told by investigation in the particular cases, but 
would manifestly vary according to the circumstances. 


There has been a tacit acknowledgment of benefit of irrigation 
on the upper portions of the stream in some of the water districts of 
this State in the fact that the upper ditches have been permitted to 
withdraw water without interference from the Commissioners or 
from the ditches with earlier rights. This has doubtless been partly 
due to the fact that the amount used by them is small. But some 
weight has been given to the claim that irrigation on the upper 
grounds stored water which entered the river in other parts of the 
year, when it was more useful to the lower ditches. The question 
will doubtless arise in specific cases in this State and others. The 
length of time during the season when such irrigation will not be 
injurious to the later rights, can be told by special gagings carried 
on throughout the year, on the plan followed by Vigan. 
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WILL THIS INVESTIGATION APPLY TO OTHER VALLEYS? . 


§56. In the valleys here measured irrigation has been prac- 
ticed for thirty-five years; to a small extent on the bottoms for 
twenty or twenty-five years, and extensively for fifteen years. In 
the case of the Poudre, the lands are some of them twelve or fifteen 
miles from the stream. On the Platte, they occupy a much nar- 
rower strip. The conditions of the subsoil, the amount of water 
applied, the dip of the impermeable stratum of clay or rocks, the ~ 
coarseness of the gravel, all affect the time and amount of the 
return. But given time enough, it seems probable that these results 
will apply closely to other valleys as well. A certain amount of 
water is required by the crops for the purposes of growth. In round 
numbers, 300 to 350 pounds of water is used for every single pound 
of dry matter produced. On some soilsit is possible by skillful irri- 
gation to apply but little more than is required by the crop and 
evaporated from the soil. Under such economy, there is little water 
which can pass away by percolation. To the economical irrigation 
induced by scanty and high-priced water is due the little or no 
return water noticed in Southern California. This is also influenced 
by the relatively small acreage. The narrow strip of the lower Platte 
and the more copious irrigation explain partially, if not entirely, 
the larger amount returned to the stream per acre, while the remote 
places of application on the lands of the tributaries of the Upper 
Platte shows a reason why the inflow there is relatively less. These 
may not completely explain the difference. Time, and added obser- 
vations, will be needed to determine. 


The same or similar phenomena have been observed to some 
extent elsewhere. 


“ When the Ganges canal was constructed, the whole available 
“cold season supply was taken from the river, yet at a distance of 
“only a few miles the discharge in the river was found to be very 
“ considerable, and further on it increased to such an extent that the 
“supply taken by the canal was found to be little missed.” * 


$57. In Italy the effect of irrigation does not seem to have 
been noticed in the rivers, but principally in the large number of 
springs to which irrigation seems to give rise, and which are devel- 
oped by digging in Lombardy and other provinces, and which the 
geological conditions do not seem to be sufficient to account for. || 

The losses from canals is well known, and the damages caused 
to neighboring lands by the seepage is a fruitful source of suits at 
law. In the contract of the Cavour canal with the Sesia Associa- 


*H. G. McKinney, Irrigation i i é 
Bers Nor ian Ware ee ion in Upper India, paper before the Royal 


i ; 3 Gee 
|| Cagnassi, Irrigazione nella Provincia di Novara, 


| 
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tion, for instance, the association becomes responsible for all dam- 
ages from this cause. 

_ §58. “T am inclined to think that the seepage is much 
“greater and of more importance in Colorado than anywhere in 
“California, for, while I know that such percolation does exist in 
“various places in the irrigated districts, I cannot recall a single 
“place where it takes place in any such volume as in your country. 
“The Santa Ana river is affected by seepage from Riverside and 
“San Bernardino valley, so that the volume of supply for the 
“Anaheim and Orange canals below is rather increasing than 
“diminishing, but the extent of this return is conjectural.” + 

“Some years ago the people owning water rights along the 
“lower parts of our mountain streams imagined that the use of the 
“water by parties located some distance above them would seriously 
“interfere with their water rights and prove very injurious to the 
“land below. Experience has proved that this fear was groundless 
“toa large extent. Indeed, it is now found that a large use of water 
“jn the early summer on the upper lands insures a more plentiful 
“supply in late summer for the lower lands.” { 


Hon. Geo, P. Marsh, for a long time our minister to Italy, in 
The Earth as Modified by Human Action, in commenting on the 
results of Vigan (§ 59) states that it is generally estimated that from 
one-third to one-half of the water applied to the fields is absorbed 
by the earth, and this, with deduction of the amount evaporated, 
absorbed by vegetation, and entering into new organic compounds, 
returns to the streams or descends to greater depths. In Colorado a 
much smaller proportion of the water applied runs off and a much 
larger proportion is absorbed, as the system of wet meadows, or 
marcite and rice irrigation, does not prevail in Colorado. The 
measurements on the Poudre indicate that at least 30 per cent. of 
the water taken from the river returns through the seepage. If 
water is‘applied as freely until the seepage from the outer lands 
reaches the river, the amount of return waters will be greater than 
this amount. . 
OTHER INVESTIGATIONS. | 


§59. The phenomenon of return waters has been apparently 
but little noticed and less written upon. It was the subject of an 
investigation by the government engineers of France some thirty 
years ago in the valley of the Tet,* in southeastern France, where 
the question becaine important, as it is in some places in Colorado, 
in the dispute between water users of the lower valleys and those of 


t+ Manuscript letter from J. D. Schuyler, Consulting Engineer, Los 


‘ Angeles, California. 
{ Extract from manuscript letter from President Geo. Q. Cannon, of 
Utah 


# Vigan, Annales des Ponts et Chaussees, 1867. ea 
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the upper portions of the stream. The earlier canals, some built by 
the Moors before 1000, A D., were taken out from the lower por- 
tions of the stream, the later ditches near the head. 


The lower canals desired to close the upper ones. The latter 
claimed that the water that was applied by them in irrigation 
returned to the river to a great extent, and thus had the effect of 
making the stream more constant in its flow, and, therefore, was as 
a whole advantageous for the lower users. During several years a 
_ system of measurements was carried on at different places on the 
stream and included all the water that came into the stream 
through the smaller tributaries. Measurements were made daily by 
the local officers. The valley is one the total length of which is 
something like fifty or sixty miles, and the total area irrigated is 
32,000 acres. The cultivation consists largely of wheat, beans, 
alfalfa, meadows, and gardens, with small quantities of potatoes and 
flax. A biennial rotation is practiced which dates from the Moors. 
Grain is usually watered three times, once at the time of sowing, in 
November. Irrigation is practiced throughout the whole season. 
In the upper valley wheat is not watered. Beans are watered from 
the middle of July to the middle of September. From the data 
obtained, M. Vigan reached the following conclusions: The return 
waters are derived from all irrigated lands of the valley, varying 
according to the crops, amount of water used in each season, thick- 
ness of the soil, its composition, and the slope of the impermeable 
layer. He concludes that, in the bottom lands, which form a bed 
about a mile wide along the stream, and are abundantly watered, 
from the first of March, that the return waters from this source are 
sufficient to compensate for the losses caused by irrigation during 
the greatest part of the low water. He also concludes that, in the area 
forming a strip two or three miles wide, with a very deep layer of 
permeable soil, the return waters come to the surface only in some 
places ; that the greatest part of the springs which are caysed flow 
unused in the subsoil and return frequently to the sea. On these 
lands irrigation occasions considerable loss; hence he concludes 
that, in case of an application for water right in the stream for 
canals, or ditches, which are to be newly constructed, the concession 
should be refused, except conditionally. In case water is lacking in 
the other canals, then the new ones should be closed. In general, 
under the conditions existing in that valley of the Tet, irrigation at 
the upper portions of the stream with water taken at periods of high 
water, is beneficial to the lower portions of the stream. The water 
thus applied gradually returns to the stream in such quantity that the 
stream is not so low as if the irrigation had not been practiced. 


=i 
Some of the measurements of the Poudre river have been given 


in the Colorado Agricultural Experiment Station Report, 1891 
p. 45-50. 
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Also see reports of the State Engineer of Colorado, 1885-6, p. 
205-208 ; 1889-90, p. 559-570; 1891-92, p. 51-65; 1898-4, p. 176- 
192. 

In bulletin No. 38, of Utah Experiment Station, Prof. Fortier 
has given some measurements for one year, showing the amount on 
some Utah streams, and leading to essentially the same conclusions 
as Vigan. Prof. Fortier’s study is a valuable contribution to the 
subject. 

A discussion by Senator David Boyd of the applicability to the 
Arkansas valley of conclusions from the Platte measurements, 
occupies part of a report of a special committee on the State Canal 
No. 1, Tenth General Assembly, p. 40-49. 

In the Annales des Ponts et Chaussees, 1883, p. 34-60, M. Bazaine 
has a study on L’Influence des Irrigations sur ’ Altitude d'une nappe 
souterraine occasioned by the observations of the effect of irrigation 
from the sewage of Paris on the ground water of the sewage farms 
of Gennevilliers. It has little application to the present discussion, 
except as it deduces the equation of the surface of the underground 
water, which is parabolic. 


CONCLUSIONS. 


We may draw the following conclusions from the observations 
and considerations shown. ‘The facts are presented in sufficient de- 
tail to show the bases of these conclusions, or to enable independ- 
ent conclusions to be reached, if the reader so desires: 


1. There is a real increase in the volume of the streams as 
they pass through the irrigated sections. 


2. There is no such increase in the streams as they pass 
through the unirrigated sections. On the contrary, there is an act- 
ual loss, even when the drainage of a large area enters. 


3. The increase is more as the irrigated area is greater. 


4. The increase is approximately proportional to the irrigated 
area, and it seems probable that with more intimate knowledge of 
the amount of water applied and the features of the drainage, the 
proportions would be found to be close. 


5. The amount of the increase depends very slightly, if at 
all, upon the rainfall, and, so far as it does, it is influenced princi- 
pally by the rainfall on the irrigated lands. Only where the lands 
are already saturated, is the rainfall sufficient to cause seepage. 


6. There is no perceptible underflow from the side channels, 
even where they drain several thousand square miles. 


7. The inflow is practically the same throughout the year. It 
is more in summer, less in winter, principally because of the effect 
of the temperature of the soil. 


OZ x SEEPAGE OR RETURN WATERS FROM IRRIGATION. 


8. The passage of the seepage water through the soil is very 
slow, so that it may take years for the seepage from the outlying 
lands to reach.the river.| 


9. The amount of seepage is slowly, but constantly, increas- 
ing. 
10. It may be expected to increase for some years to come. 


11. An increased amount of land may be bought under cul- 
tivation, with time, more especially on the lower portions of the 
streams. 


12. The seepage being nearly constant throughout the year, 
while the needs are greatest in summer, the use of storage will best 
utilize the water from inflow. 


13. The seepage from one thousand acres of irrigated land on 
the Poudre river gives one cubic foot per second constant flow; on 
the Upper Platte, one foot to about 430 acres; on the Lower Platte, 
one foot to 250 acres. The difference is due mostly to the greater 
distance for the seepage to reach the main stream, and to the time 
and amount of water applied. 


14. One cubic foot per second of inflow is obtained on the Pou- 
dre river for each 2,400 acre-feet applied, or the inflow is about one- 
third as much as the water applied: 


15. On the Poudre river about 30 per cent. of the water 
applied in irrigation returned to the river. 


16. The use of water on the upper portions of a stream, when 
water is not immediately needed by prior appropriators, will 
increase the flow of the stream late in summer and prevent such 
low stages as it would have without this regulating action. 


17. The seepage water is already an important factor in the 
water supply for the agriculture of the State. The capital value of 
the water thus received in the valley of the Cache a la Poudre alone 
is not less than $300,000, and perhaps $500,000, and for the Platte 


is from $2,000,000 to $3,000,000. It is large for the other streams, 
but of unknown amount. 


18. An actual loss is incurred in carrying a stream like the 
Platte through sandy beds. 


19. Ultimately, the returns from seepage will:make the lower 
portions of such valleys as the Platte more certain of water, and 
probably enable a larger acreage to be grown. 


_ , 20. The results here shown may be expected to apply with 
limitations to other valleys similarly situated, where irrigation is 
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as copious, crops the same in character, subsoil and rock strata of 
much the same inclination. Where the soil is less pervious, a. 
greater time must elapse for these results to hold good. 


21. Measurements are greatly needed in the Arkansas and 
Rio Grande valleys, for the determination of facts which will soon 
become of importance. In the Rio Grande, especially, because of 
the claims made by Mexico that irrigation in Colorado is proving 
an injury to her people and infringing privileges guaranteed them 
by treaty. If the results of this investigation apply to the Rio 
Grande, then any injury must be largely compensated by the return, 
and the greater regularity in the flow produced in the river. 
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Cattle Feeding in Colorado. 


Colorado is pre-eminently a grazing state. Few crops 
can be raised without irrigation, and the total irrigated 
area of the State is about 2,000,000 acres, or one acre in 
about every thirty-three. The remainder of the State can 
be used for nothing but grazing. 

Part of the land is occupied by sheep, especially in the 
south middle portion of the State. Most of the counties 
east of the mountains support some sheep. There is not 
much difference in the number of sheep and number of 
cattle, but the sheep require so much less land per head that 
the total area of the State occupied by cattle is much more 
than that used by sheep. 

The cattle ranging districts. are scattered over the 
entire State and with considerable uniformity. There are 
in round numbers about 700,000 cattle in the State. The 
earlier cattle of the western ranges were so-called native 
stock, such as is now raised on the ranges of Texas and 
New Mexico. Much of this is still on the ranges of the 
southern half of Colorado. The improved breeds have 
made more headway in the other half of the State, espec- 
ially in North Park and Estes Park and the foothill and 
plains country from Boulder northward. The earlier 
importations were of Durham blood. This breed was found 
well adapted to the varied conditions of Colorado, whether 
on the plains, foothills, or elevated parks, and has been 
more used than all the other improved breeds together. 
The only other pure breed that has been largely used is the 
Hereford, or Whiteface, as it is commonly called here. 
This breed is especially adapted to hilly pastures and is 
probably fully as good as the Shorthorn for most Colorado 
ranges. Attempts have been made to bring in other breeds 
such as the Polled Angus, the Galloway, and the Red-polled. 
All feeders now recognize the advantage of having no 
horns on the cattle when they are put into the feeding cor- 
rals, and it was natural that they should attempt to raise 
cattle that would be hornless from birth. These polled cat- 


tle have made but little headway in the State, the cattlemen 
preferring to stick to the Hereford and Shorthorn breeds 
and dehorn their stock. | 


RANGING AND WINTER FEEDING. 


All the cattle of Colorado are ranged through the 
summer, and the greater part are also wintered on the range. 
But the free, open range in this State is a thing of the past. 
There was a time, but a few years ago, when the whole San 
Luis Valley, as large as a New England state, was one vast 
winter range for cattle. As many as 250,000 head have been 
driven from their summer ranges onthe mountains to spend 
the winter in this valley. 

But agriculture is superior to grazing, not only in this 
valley, but in all the valleys that can be irrigated east of the 
mountains. The cattle have been driven out by the plow. 
The cattle of the San Luis valley have shrunk to 60,000, 
though-this decrease is partly due to the sheep overrunning 
some of the ranges formerly used by cattle. 

With the advent of permanent settlers, a great change 
has come over the methods of ranging. Formerly, by 
mutual agreement of the cattlemen, certain favorable por- 
tions were set aside for winter range. But these favorable 
spots are the ones that would first be taken up by the settler, 
compelling each cattleman to look out for his own winter 
range. Fences have come in to keep cattle on the land 
where it is desired they should remain, or still more com- 
monly, to keep them and other cattle out of the lands that 
are to be reserved for winter use. Drinking water is a nec- 
essity on all ranges. Temporary summer streams are 
common in the hills and on the plains, but permanent 
streams are scarce anywhere in Colorado. It did not take 
the cattlemen long to learn that if they controlled the water 
they held the key to the neighboring range. This is usually 
done by buying or leasing the sections or quarter-sections 
that include the permanent running streams and fencing 
them against all cattle but their own. This gives them free 
use of the range on both sides to the next water-shed. 
Five miles of stream can usually be controlled by leasing 
and buying not more than 1,500 acres of land, and give the 
cattleman the use, without cost, of an extra 10,000 to 20,000 
acres. Often the owning or controlling of four quarter- 
sections at the mouth of a valley virtually controls the 
range of the whole valley. These conditions necessitate 
much smaller herds and a larger number of cattle owners 
than under the former system of the open, free ranges. 


sae. Sipe 


Most of the cattle of the State are now owned and run in 
bunches of 300 head or less. 

The bane of the cattle business in Colorado, as else- 
where, is the cattle thief, or “rustler.” If it were not for the 
danger of loss from this source, the cattle could be left to 
themselves most of the time through the summer, and, by 
the use of fences around the winter range, but little time 
would necessarily be devoted to them the rest of the year. 
But the rustler is omnipresent, and if it were known that 
nobody was looking out for any given herd, it would rapidly 
disappear. This necessity for riding the range nearly all 
the year largely increases the cost of running cattle, espec- 
ially considering the small size of the bunches. 

All degrees of winter feeding exist. There are few 
winter ranges so good that the animals will gain in weight 
during cold weather. The first frosts come in September, 
and from then until the new grass starts the next May, 
animals on the range do well if they hold their weight. 
This leaves but five months in the year for the animal to 
grow and seven months for it to stand still or even go back- 
ward. 

It is evident that, if winter feed were good enough to 
keep the animal growing all the time, it would bring the 
animal to marketable size in a much shorter time. The 
present tendency of cattle raising is in this direction. A 
large number of cattle in the State are wintered on range 
feed mostly inthe bottom land. A still larger number are 
fed through part of the winter on native hay cut along the 
streams. A smaller number are wintered on tame hay, 
largely timothy that has been sown for that purpose, and a 
still smaller number are brought out of the hills and parks 
to winter in the irrigated regions on alfalfa hay. The lat- 
ter form is, of course, the most expensive and its advant- 
age is merely a question of the amount of growth made as 
compared with the value of the hay eaten. But few cattle 
would be fed in the irrigated regions if alfalfa was their 
only feed. It happens, however, that, although the plow 
has destroyed the range, vet it has substituted the stubble 
fields. To utilize the stubble both of grain and of alfalfa 
andthe straw of the grain, isthe principal reason for winter- 
ing cattle inthe irrigated regions. All this good feed mater- 
ial would otherwise bea total loss. Grain stubble and the 
straw that goes with it sells for winter feeding at from 
seventy to one hundred dollars per quarter-section. The 
cattle get considerable grain from the stubble and from the 
chaff at the straw-stacks: It is'not: expected that cattle 
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wintered in this way will gain in weight, but it is a rather 
cheap way of carrying stock through the winter. 

in whatever way stock are wintered, there are few feed- 
ers in the State that do not make some arrangement for 
giving their stock extra feed in cases of unusually severe 
storms. They thus reduce the risk of running cattle, and 
in the course of years greatly reduce the winter losses. 
When cattle were allowed to rustle for themselves, there 
was a profit in the business, on the average, because beef 
was high and summer feed cost nothing. But when the 
severe storms did come many a herd was almost wiped out 
of existence, and the owners ruined financially. Stock 
raising under such a system was gambling on the weather 
of the next winter. As the price of beef fell, the business 
could not stand sucha heavy drain on its profits and the 
cattlemen either went out of the business or made provision 
fora more certain winter feed. The most trying time of 
the year for stock is the months of March, April, and May, 
when the stock, already weakened by wintering on scant 
rations, are turned off the stubble fields onto the summer 
ranges. The new grass is not yet sufficient to supply their 
wants, and late storms oftendo enormous damage. A stack 
or two of hay carried over until this time is often the most 
profitable crop of the year. Many farmers carry hay to the 
range, and the cattle soon learn where to go for fodder dur- 
ing storms. 

The most economical winter feeding is that where the 
summer range is near the winter range, so that the cattle 
can be left as long as possible on the summer range and, 
when brought to the winter range, they are then near the 
place where the hay was cut. Under these conditions they 
can gather their own living, except in case of storms or 
deep snows. Hay is then fed without moving them from 
the range. The usual amount is ten pounds of hay per 
head per day. They may need to be fed but a couple of 
days, before the weather moderates, or this feeding may in 
extreme cases last continuously for months, as it did in the 
winter of 1894-95 on some ranges. The hay is fed scattered 
on the ground, cattlemen having found by experience that 
but little is thus wasted and there is a saving of the cost of 
racks and the considerable danger of accidents that come 
from the crowding and pushing of rack-fed cattle. 

Straw can be profitably used asa large part of the food 
for cattle that are being fed through the winter. West of 
the main range in Colorado, where the number of cattle is 
large as compared with the land sown to grain, nearly all 
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the straw issoused. The same is true of the San Luis val- 
ley, which produces a large amount of straw, but also win- 
ters a great many cattle. Onthe plains east of the foothills 
there is more straw than cattle, and the surplus straw is 
usually burned. 


MARKETING. 


There is no definite age at which the old cows are sent 
tomarket. There have been times and places in the history 
of ranging cattle when the cows were never gathered, but 
allowed to remain on the range until they died of old age. 
The present custom is to gather up the farrow cows and sell 
them Off in the fall, adding to,them such heifers as prove 
barren and such old cows as seem to have passed their 
prime. 

There is a wide difference in the age at which steers are 
sold for beef. Steers coming five years old used to be the 
standard beef cattle, and when they live all the year on the 
range with no extra winter feed they will scarcely get their 
growth in less time. By better care, more liberal winter 
feeding, with an infusion of the blood of the pure breeds, 
this time can be largelyshortened. The general rule atthe 
present time is, to sell as soon as they reach a live weight 
ofa thousand pounds. Ifthe steers have good enough 
winter feed so that they hold their own, they will reach this 
weight the fall after they are three years old. With alittle 
better. winter feed and better breeding they can reach the 
same weight at two years past. The steers that go to mar- 
ket from Colorado at the present time are about evenly 
divided between the two ages. 

A few breeders of well-bred stock that feed liberally 
during the winter, are able to shorten the time stiil one 
year more and produce steers that will weigh a_ thousand 
pounds at twenty months old. It cannot be said that any 
one of these ages is the best, but the tendency of cattlemen 
is to feed better and market earlier. The younger the 
steers are sold, the more head can be kept ona given range, 
the smaller the investment, and the quicker the returns. 

Most of the Colorado steers that are shipped out of the 
State are sold for feeders, that-is, they are’ sold to Kan- 
sas and Nebraska men who feed them for three or four 
months on corn and then send them to the market for beef. 
Some of the steers are sold directly from the range, but the 
great bulk are fed on hay fortwo or three months and then 
go east for the grain feeding. The business of grain feed- 
ing these steers in Colorado is yet in its infancy, and opin- 
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ions differ as to whether it can with profit ever become the 
principal method of handling them. Colorado 1s not a corn 
state, and it looks reasonable that it should be cheaper to 
ship the steer to the corn producing districts rather than to 
ship the corn west to Colorado and then the fattened steers 
eastward. It has so far proved profitable to bring in corn 
for sheep feeding; but this success is largely due to the 
Colorado climate and the possession of large amounts of 
cheap alfalfa that cannot be fed to the sheep unless 
it is accompanied with grain. The problem with 
steers is somewhat different. Alfalfa alone can be 
fed to steers and they will make a reasonable growth. 
The question before the feeder is, whether, if grain is fed in 
addition, they will grow enough faster and sell for enough 
more per pound to pay for the grain and leave a fair mar- 
gin of profit for the extrarisk. Incidentally there comes in 
the additional fact that the alfalfa is raised on the farm, 
while the grain will usually have to be purchased with money 
advanced bythe banks at a high rate of interest. 

A few figures will show the conditions of the two 
methods of feeding. Steers are usually bought in the fall 
with a three per cent. shrink and sold in the spring witha 
four per cent. shrink. In the fall of 1895 cattle off the 
range, if of good quality, sold for about $2.85 per hundred 
pounds live weight. A 1,cco-pound steer would therefore 
cost one thousand pounds, less three per cent. shrink, or 
970 times $2.85, or $27.65. A good steer on hay alone 
should gain a pound a day in live weight. At the end of a 
hundred days’ feeding, the steer would weigh 1,100 pounds 
and sell witha four percent. shrink, or 1,056 pounds. The 
steer will have eaten and wasted about two tons of hay, so 
that if sold for one-half a cent a pound more than it 
cost, it would return $3.86 per ton for the hay. Each ten 
cents increase, or decrease, in the selling price makes a dif- 
ueagace of fifty cents per ton in the amount realized for the 
nay. 

When steers are grain fed to make beef of them they 
are fed the first sixty days on hay and the next ninety on 
hay and grain. The grain feeding in connection with alfalfa 
will seldom go higher than eight pounds of grain per day 
per head, and this maximum amount will be reached by the 
middle of the grain feeding period. This gives six hun- 
pies Pounds of ke era each steer. The’ grain takes the 
ee cat ne eel cue ay, So tae in the whole five months, 
ey i ae as e about three tons of hay. The 
grc average about a pound and a half a day for 
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the whole period, or two hundred and twenty-five pounds. 
At $15 per ton, the six hundred pounds of grain would cost 
$4.50 ‘Lo return four dollars per ton for the hay, the steer 
will have to sell for ninety cents per one hundred pounds 
more than it cost. The question before the feeder is, there- 
more, witether the chances ot orain ted: cattle selling ior 
ninety cents per hundred more than they cost, are greater 
or less than the chances of hay fed cattle advancing fifty 
cents per hundred more than their cost. This is a difficult 
question to answer. The average of the markets for several 
years makes the two systems about equal, and since the hay 
feeding involves the less risk, most Colorado feeders have 
adopted this method. On April 1, 1895, hay fed steers sold 
for $1.15 per hundred more than they cost off the range the 
October previous, while the following year the difference 
was but forty-five cents. The markets of these two years 
show that cattle feeding is largely a lottery. The final 
gain or loss depends primarily on the feeder being a good 
buyer, and getting stock that will fatten well ata fair price. 
After this he is at the mercy of the general tendency of the 
market. He may lose on his investment after careful feed- 
ing and good care, and the market may turn in his favor, as 
it did the winter of 1894-95, and give good returns to even 
poor feeders. 

A question that greatly troubles all cattle feeders is, to 
know what is the best timeto sell. It canbe said in general 
that there is no “best” time. The week of highest prices 
one year may show the lowest prices the following year. 


The consumption of cattle is fairly constant for the whole 
year, and the prices for the same grades of cattle do not 
differ to any great extent; but, owing to the influnce of sup- 
ply and demand, the market is varying a little up and down 
all the time. Cattle are bought and fed on so narrow a 
margin that these small variations of twenty-five cents per 
hundred may make all the difference of gain or loss on the 
transaction. 


It is in general true that the longer cattle are kept and 
fed the higher price per pound they will bring in the mar- 
ket. So long as there was a large demand for heavy cattle 
for export, there was almost no limit to the weight and fat- 
ness that could be put onto steers. Within the last few 
years a change has taken place in the wants of the market. 
There is a smaller demand for heavy, fat 1,600-pound steers, 
and an increasing demand for well fattened 1,100 to 1,300- 
pound animals. This change has been especially marked 


during the winter of 1895-96, until now there is but little dif- 
ference in the market value of the two classes. Indeed, the 
past season has witnessed several cases of the lighter steer 
selling for the higher price. Under such conditions there 
is no incentive for attempting to grow the big steer, and the 
most profitable transaction now is to market the steer as 
soon as he can be be gotten fat after he reaches a thousand 
pounds live weight. 


COST OF RANGING CATTLE. 


The cost of running cattle on the range varies from 
$2 to $4 per head per year, according to the conditions of 
range and the amount of winter feeding. 

{n the foothills and parks where some hay has to be 
provided for winter and enough land owned or leased by 
the cattleman to insure his winter range from intruders, one 
man can take care of about 300 head of cattle of all ages. 
He can also put up the seventy-five tons of hay that would 
be needed for winter with the aid of extra help for a few 
weeks. The present prices on the range are about $15 per 
head for cows, $12 for yearling steers, $17 for two-year-old 
steers, and $25 for three-year-old steers, making a mixed 
herd of 390 head worth about $14,500. The value of the 
range, with what fences, corrals, tools, etc., that the cattle- 
man would need, would be about $2,009. The items of ex- 
pense would therefore be as follows: 


Wagesiot herder, 12: months'@ $300. .../-*) $360 00 
Extrachetp in hayitig eee eee 20 00 
Taxes @ 2% per cent.on % the valuation.. 80 00 

Totaloinccecn ag Sa eee $460 ©CO 


This $469 represents the cash outlay for herding 300 
head for one year, or about $1.50 per head. On some 
ranges, salt would need to be fed, some giving as high as 
twenty-five pounds per head per year. Some cattlemen 
have found it advantageous to keep a small amount of grain 
on hand to feed to weak cows and young calves in March 
and April. A ton of grain will usually be an abundance for 
the cows ina herd of 300 head. These two items of salt 
and grain would add twenty-five cents per head per year to 
the cost of ranging stock. 

The above items are the ones in mind by the writers 
who claim that cattle can be run for less than $2 per head 


per year. ‘To make a complete statement there must be 
added the interest on the investment: 


Int. on value of range, $2,000 @ 6 per cent. .$120 co 
Int. on value of cattle, $4,500 at 6 per cent.. 270 co 


The interest account is therefore about $1.25 per head, 
raising the total cost of ranging to $3 per head per year. 
On the plains where the cattle can be run in larger 
herds, some of the items above would be lowered. But the 
extra expenses of the general round-up would be enough to 
bring the total cost to fully as much as the above estimate. 


GROWTH AND LOSSES. 


One of the first questions asked by a prospective cattle- 
manis, What will there be for sale each year from the 
herd? This depends on two things, first, the per cent. of 
calves, and second, the per cent. of loss in the calves and in 
the older stock. 

The number of calves dropped varies with the number 
and vigor of the bulls used, and the care taken by the herds- 
man toinsure service. It is customary to keep one bull for 
each twenty-five cows. A larger per cent. of calves will be 
dropped if the bulls run in the herd all the time, but in this 
case so many calves come in the winter and die from 
exposure that more and stronger calves are raised by keep- 
ing the bulls away from the cows until summer, so that most 
of the calves will be dropped in the late spring. It is best 
that the heifers should not calve for the first time until they 
are fully three years old. If the bulls are kept away from 
the herd except in the fall about forty per cent. of the heif- 
ers will drop their first calves when two years old and the 
rest of them not until the next year. Under good condi- 
tions, there should be eighty calves dropped from each hun- 
dred cows in the herd, but the number of these that will be 
alive next spring is very variable. When the cattle are well 
cared for in the winter, and the herdsman is on duty all the 
year around, the herds in the foothills and parks ought not 
to lose more than five per cent. of their number each year. 
On the plains, it is customary to allow ten per cent. to cover 
losses. These losses occur through stealing, starvation, 
lightning, miring in bogs, spring colds, and accidents. Cat- 
tle are very apt to get mired in the spring by going on the 
swampy land after the first green grass, and they have so 
little strength at this season that they cannot release them- 
selves. Much higher losses than the above sometimes 
occur. When the cows and their calves are left to take 


care of themselves on the open range with no extra winter 
feed scarcely fifty per cent. will reach one year old. During 
the severe winter of 1894-95, four times the ordinary 
amount of hay was eaten by some herds, and others that 
were left on the range lost sixty per cent. of the whole 
herd. 

Such losses, both in calves and older stock, used to be 
expected every four or five years by the cattlemen of Colo- 
rado from 1875 to 1885, and the business was so profitable 
that it could stand an average annual loss of twenty per cent. 
The margin of profits is now too small to take any chances, 
and by winter feeding the losses have been reduced to from 
five to ten per cent. 

What will there be for sale each year from a mixed 
herd numbering 300 head ? On the basis of there being 
eighty per cent. of calves dropped and an average of five 


per cent. of losses, a herd of 300 head will consist in the 
spring of: 


COWS sels a nahh Sidon) Ao ee eee 55. 
ibhree-year-old heifers. ta ea ee 37 
Two-yéar-old ~herkets: 222 Ma > sce bee ee 
One-year-old"heiters  .)3. teat jet ee aac eee 42 
Whreé-vear-old/steers: < siete ee Sook wt 39 
Two-year-old steers. . 7. de ere ee 
@ne-year-old steers... \ 5s 43 
Bulls. occ ccc cn ke, Se 4 
Total 2 


About forty per cent. of the two-year-old heifers would 
drop their first calves during the summer and these, with 
the calves from eighty per cent. of the three-year-old 
heifers and the same proportion of the older cows, will give 
a total of ninety calves, one-half of which would be steers 
and one-half heifer calves. As five percent. of these would 
be lost, there would be on hand the next spring forty-two 
yearling heifers and the same number of yearling steers to 
take the place of those of the year before and keep the 
number good. 

There would be the thirty-nine three-year-old steers for 
sale in the fall and some of the cows. How many cows 
should be sold would depend on the object of the breeder. 
If he wishes to enlarge his herd he would sell as few as pos- 
sible. If he wishes to keep the herd constant at three hun- 
dred head, he would sell enough of the cows so that in the 
spring he would have the same number as the year before. 
On the average this would be about twenty-five. 
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For a herd on the plains, or anywhere that the annual 
losses amounted to ten per cent., a natural herd of three 
hundred head would be composed of : 


(ONS RS RNS cs ee PO 
Mpnree-yeat-old Neltersvee ae. oe dees te em 
iworvyear-old § Neters apie a se. eho ee: e 
One-year-old hetters, sia tos. ou «. Nia Bi rT ict, 42 
= PAIN AoE cteN got 9) (8 WS) NLe 1 Ci Se 36 
BIwO- Veal - OM Sle Chomeee ey nadie nein pot ad) GeO 
ONne-yiearOld Sveeus aaa, Mie ee es eds 2) 
|i 0b iinet RiP 2! EK Siig core 2, aa a a 4 
g Nich ce Bixee th ® EOL eC uy Se: SA re ee 300 


There would be ninety-six calves dropped during the 
season and thirty-six three-year-old steers for sale in the 
fall with twenty cows. 

It is not to be expected that all herds will be made up of 
exactly these proportions. Even ina natural herd, that ts, 
where all have been raised and none bought, the losses will 
vary from year to year, producing variations from these fig- 
ures which represent averages for many years on manyherds. 
The largest variations in herds are caused by buying in 
young stock, so that the herd has a disproportionately large 
number of steers compared with the cows. Or, the opposite 
condition comes from selling off in a single season more 
than the three-year-old steers. The former is the more 
common condition in the northern part of Colorado where 
many thousand young steers are brought in each year from 
the south and turned onto the ranges. The latter is com- 
mon in southern Colorado and especially in New Mexico 
and Texas, where the steers are largely sold at one-year-old 
to go onto the northern ranges. 

The estimate given shows an annual cost, not including 
interest, of about $500 for running a herd of 300 head. The 
yearly sales are about thirty-eight head of three-year-old 
steers and twenty-two farrow cows. The steers should 
bring $30 and the cows $15 per head, or a total income of 
$1,470. Deducting the $500 expenses, leaves net returns of 
$970, or about fifteen per cent. interest on the investment. 


SHIPPING. 


The people of Colorado eat 100,000 head of cattle 
every year. The larger part of these are old cows witha 
liberal sprinkling of barren heifers and a still smaller num- 
ber of hay fed steers. Almost no grain fed cattle are con- 


-sumed by Colorado markets. The largest local market of 
Colorado is Denver, which buys as many steers as all the 
other markets of the State combined. The other principal 
market for Colorado cattle is Omaha. Very few steers are 
shipped directly from Colorado to Chicago, because as a 
usual thing they are not fat enough to bring a high price in 
that market. Quite a number of shipments from southern 
Colorado are made to Kansas City. From most of the ship- 
ping points in Colorado, cattle will reach Denver with forty 
pounds shrinkage in live weight; will sell at Omaha or 
Kansas City with a sixty-pound shrink, and will weigh in 
Chicago 100 pounds less than when they started in Colo- 
rado. When steers are sold at the farm an allowance of 
four per cent. is made, which is just about what the steer 
will shrink in going to Denver. If the steers are to be ship- 
ped to Denver, they must sell there for as much as they 
would onthe farm plus the cost of freight, feed, commission, 
yardage, and expenses of the man who accompanies them. 
These items would be, per head, about fifteen cents for feed, 
fifty cents for commission, twenty-five cents for yardage, and 
about thirteen cents per hundred pounds for freight. The 
expenses of the attendant will hardly be less than fifty cents 
per head, making the total cost of marketing a 1,0o00-pound 
steer $2.20. To make any profit from shipping the steer, it 
must bring more than twenty-two cents per hundred pounds 
above the price that could be obtained on the farm. 


If the shipment isto be continued to Omaha or Kansas 
City, there will need to be added about seventeen cents per 
hundred for freight, fifteen cents per head for feed, and 
another fifty cents per head for attendant’s expenses. 
These, added to the twenty pounds more of shrinkage, 
require that the steer shall sell in Omaha or Kansas City for 


an advance of twenty-eight cents per hundred pounds to 
agree with the Denver price. 


The expenses would be more from Omaha to Chicago 
than from Denver to Omaha, making a difference of about 
forty cents between these two markets. The costs of get- 
ting the steer from Denver to Chicago is, therefore, about 
sixty-eight cents per hundred pounds: from the farm to 
Omaha, about fifty cents; and from the farm to Chicago, 
ninety cents, these figures including the shrinkage. With 
these heavy expenses and the greater risk, it is no wonder 
that a large proportion of Colorado cattle are sold on the 


range or farm to professional cattle buyers, who are more 
experienced in the business. 


Experiments in Feeding Steers at the Col- 
lege Farm. 


During the winter of 1894-95, several experiments in 
steer feeding were carried out on the College farm. They 
included tests of different classes of steers and of various 
kinds or combinations of feeds. 

Eighteen steers were fed, comprising three groups of 
six each. he first group consisted of six grade Durham 
steers, four years eld’ that had been raised on a farm as 
skim-milk calves. They had been well fed and wintered, 
making large framed, well formed steers, of about 1,300 
pounds weight. They were taken off good alfalfa stubble 
when bought and were in fair condition, but not at all fat. 
They were brought to the farm November 15th. 

On December 6, six grade Polled Angus steers were 
purchased. They were late summer calves of the year 
before; being thus seventeen months old and averaged 
about 700 pounds, varying from 660 to 760 pounds. They had 
been hay fed during the winter and had been brought from 
the summer range to alfalfa stubble about the middle of 
November. A week later six more steers were purchased, 
being of the same general breeding and care as the first lot 
of four-year-olds, but two of them were nineteen months 
old and the other four, thirty-one months old. The year- 
lings weighed about 830 pounds, and the two-year-olds a 
little over 1,000 pounds each. These were also brought off 
alfalfa stubble. The eighteen steers, therefore, consisted 
of six four-year-olds, four two-year-olds, and eight year- 
lings. 

The six four-year-old steers were fed cut alfalfa hay 
and cut corn stalks for the first twenty days, with the 
exception of two days on whole oat hay, which they did not 
like, and two days on whole alfalfa, which they ate fairly 
well. This same oat hay was afterwards cut up and fed to 
them and they ate it rather under protest. During the first 
thirty days they ate: 

Altatiated..... 5,267 lbs., or 29 Ibs. per head per day. 

Corn stalks fed, 1,325 ibs., or 8 tbs. per head per day. 

Total fed. .6,592 tbs., or 37 lbs. per head per day. 
Refuse .... 617 lbs. 
Total eaten,5,975 ibs., or 33 Ibs. per head per day. 
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This thirty-three pounds eaten per head per day con- 
sisted of about twenty-seven pounds of alfalfa and six 
pounds of corn stalks. Of this feed the steers gained about 
a pound per head per day. 

The black steers were put at once on cut alfalfa and in 
the nine days from December 6, to 13, they ate 945 pounds, 
or seventeen pounds per day per head. 

When the third lot of steers came, December 15, all 
three lots were put on the same cut alfalfa, and in the four 
days from then until December 19 they ate as follows: 


FEEDING RECORD, DECEMBER I5—T9Q. 


: Average Alfalfa Hay | Hay per Head 
Averaggenee: Weight, Eaten, per day. 
lbs, lbs. lbs. 
OUL=V CRL-OLAS 2 ceieis wiziels ts arose ieisintetiele 4.6 1274 764 32 
EP wO-V Gal-OlOG sree saree owiaennern tee 2.3 967 504 21 
OAT RB ee kan cciss cis ace yssl. ahve 1.4 703 465 19 
IN COT ARO eteata atch oem ae N ae 2.8 981 578 24 


On December 19, the four-year-olds were changed to 
whole alfalfa hay instead of cut, the rest still having the 
cut hay, and all from the same lot of hay as before. 


FEEDING RECORD, DECEMBER J9-27. 


Average | Hay Hay Eaten | Hay eaten per| Gain per head | Hay Eaten per 
Weight. | Baten, | Per Head per | day per 1,000 | per day, Dec. Pound of 
Day. lbs. weight. 12 to 27. Growth. 
Four-year-olds .| 1289 | 1749 36 27.8 Lec 36, 
‘T'wo-year-olds.. 984 1044 22 22.4 1.7 13 
Yearlings........ 736 934 ee LD 25.8 2.2 ) 
Average.....| 1003 | 1276 26 25.3 1.6 16 


It willbe seen that the steers did not eat an amount of 
hay proportioned to either their size or their age. The 
large steers ate not only the largest quantity, but also the 
most for each 1,000 pounds of their weight ; while the year- 
lings, although eating the least per head per day, did not 
eat the least per 1,000 pounds weight. The amount of hay 
required to produce a pound of growth is almost exactly 
proportional to the age. While this exact proportion is 
not continued through the subsequent feeding, yet, in gen- 
eral, the oldest steers have required the most food for each 
pound of growth and the youngest steers the least. Atten- 
tion is especially called to the amount of hay per head per 
day. Itis customary in Colorado to allow fifty pounds of 
hay per day per steer, and this is the amount thrown daily 
into the feed racks. Not nearly all of this is actually eaten 


by the steers. The racks are cleaned out each day and 
about ten pounds of the hay removed. While of the other 
forty pounds the steers cannot eat more than thirty pounds, 
and the steers under consideration, though averaging just a 
thousand pounds live weight, ate only twenty-five pounds. 
The figures show that, under the ordinary method of feed- 
ing in Colorado, the steers waste from ten to fifteen pounds 
of hay per day per head, or from twenty to thirty tons for 
each hundred tons fed. 

In the tests given above, the steers were fed in deep, 
narrow boxes, that were cleaned out every day and the 
amount given as eaten isthe difference between the amount 
fed and that weighed back, so that it includes whatever 
waste the steers made. The refuse hay taken out of the 
mangers each day was fed to bulls, cows, and horses, and 
all eaten readily. In fact it is better horse feed than whole 
hay. On December 27th, the steers were separated into 
six groups, one of each lot of steers being put into each 


group. 
The groups and feeds are given below: 


g Name of Steer. Age. Weight. Feed per Head per Day. 
Ay 
by itt] ER EID RIOR OO anon 4.6 1212 5 lbs. cut fodder corn. 
ee eee Se erent 1.4 693 15 lbs. cut alfalfa. 
1 RGM ar erence tora testes cet a leieleree 2.6 1068 Cat alfalfa ad. lib. 
| IVORAL Oat an ciarttr weeks inte 2.9 991 | 
Sian nistentinios ina neheeunc 4.6 1381 5 lbs. cut fodder corn. 
Goh gees GAGE letra teens 1.4 801 Ls lbs. cut alfalfa. 
sy. |p LSE els pole § Aa eateney SEtEee Ga co cea o 1.6 808 {6 Ibs. cracked wheat. 
2 : = -| J 20 lbs. cut beets. 
IAVOTAR Oe nic hen entreaties 2.5 | 997 
Spot 4.6 1357 5 lbs. cut fodder corn. 
No. 2 1.4 684 15 lbs. cut alfalfa. : 
3 | Calico 2.6 928 Cut fodder corn ad. lib. 
AGIOS Onircctacmtian taken ecsteee sc eiemeratogee 2.9 990 oe 
ind aire 4.6 1255 5 lbs. cut fodder corn. 
ae it 733 tis Ibs. cut alfalfa. 
HUN ONO od sinensis RR etc on een kata 2.6 1009 35 lbs. corn ensilage. 
Average 2.9 996 7 a 
IUOY te ee emetic ctl cntas: 4.6 1273 5 lbs. cut fodder corn. 
eee eee fe er 4 ati tis ibe, out alfelea, 
5 Sandy ; 1.6 871 30 lbs. cut beets. 
Average 2.5 985 Sai 
4.6 1259 5 lbs. cut fodder corn, 
ee oa Pe ate Arent ictararayas teats ema 1.4 704 {is tha ent alfa 
Gi WL CUOLIY Be aoe eee oes eileen eee 2.6 1222 8 lbs. cracked wheat. 
IA OLAS Otel inte sateasieie hii tigara Vel oratede 2.9 1062 


Each steer was fed daily five pounds of cut fodder corn, 
ears and all cut into quarter-inch lengths, and also fifteen 
pounds of alfalfa cut into two-inch lengths. In addition to 
this, each steer in pen No. 1 had all the cut alfalfa it could 
eat, i. e., more was fed each day than the steers would eat and 
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the balance weighed back each day. Inthe same way pen No. “| 
3 was given all the cut corn fodder they would eat. Pen No. 

4 had all the corn ensilage they would eat up clean, which 
was found to be thirty-hve pounds per head per day. Pen 
No. 2 had, in addition to coarse feed, six pounds of cracked 
wheat and twenty pounds oi cut beets; these were all eaten 
up clean, as were also the thirty pounds of beets given to 
pen No.5. Pen No. 6 was started on ten pounds of cracked 
wheat, but the steers were not able to handle it. 1t was cut 
down to six pounds and finally raised and and held at six 
pounds of cracked wheat and two pounds of corn chop per™ 
day per head. Ofthe hay and cut fodder corn considerably 
more was fed than was eaten, the balance serving to feed 
six head of horses and proved an economical way of using 
up the coarse fodder. 

The steers were weighed every two weeks, the 
endeavor being to weigh them about ten o'clock in the fore- 
noon, after feeding and before watering. The weighing 
was always done before watering, but it varied two hours 
in time, and this made quité a difference in the amount of 
feed taken into the system, especially in the pens eating 
beets and ensilage. Some wide differences in weights are 
probably due to this cause. 


FEEDING RECORD, DECEMBER 27 TO JANUARY ©. 
= e. = Seti (ate 
A B = Sos Si 
No. of Pen. S o 8 Q 5 o Sos <3 
is Pe os s fa | 2 = Sao ae 
= a 2 3s iA % es 
| & 3 = » [eee | hs PSPS 
oe |e | & | o | ee |S jee | a leesle 
Pee... ee a a Ce cere 8 cae een pee | 13.8 
Bocatcasentnnenanae'{ S88 | 28hy|. 306° | “OSS ee adeenh eens oes w0| 35'8 | 3° 
3 620 | 848 | 881. | -4ee eee eee ere torso 1.5 | 27 
4 630 | 210 | 208 | 474-| 468 |...... ee ae | 18.9 }] 2.5 
5 813 | 281 s53 | 599] ae dee aa 950°) 125 | 26 
6 813 281 27L | 685 : SAS ASR eta al ante 14 1-85 
Total ......... 4961 | 2108 | 4714 | 3754 1599 | 559] 147 | 1650 | 13.6 | 2.67 
FEEDING RECORD, JANUARY Q TO JANUARY 23. 
1 3) ese 210 217 939 | 17k es 2a 
2 -| 80 | 268 | 353 | 539 190 | 358] “2. | aia | ass | £e 
3 630 | 880 | 32 | 493 | 675 |...... Ree eee Lee 
4 630 | 210 | 220 | 485 | 155 |.ic...| 1470 | ... 15.6 | 14 
5 730 | 260+) 231 | 885 | 90f [ln) 1260 | 13.4 | 24 
6 730 | 260 | 285 | 552 | 203 | Sve] 1... | .. 150 |-1.6 
eC er | 4744 | 2088 | 1698 | si43 | aor | 625 | 1470 | 2100 | 10 | 0.8 
: FEEDING RECORD, JANUARY 23 TO FEBRUARY 6. 
=a 1120 | 210 | 277 | 0) 166 2 2 
a. 825 275 | seo. | 585 | a5. |“Sei'|) 200 kg reeganeeae 
2. 630 | 910 | 356 454]. ” 690, || coset eae é is | 24 
ri 630) 2:0 | 821 | 389 | 130 |.21.21] dao | 22) | ae [os 
5... 825 275 | 300 600 | 200 |... .: 1260 | 40 | 0.0 
"te pane! g25 | 27: 26 sa | s "gap | 077 z : 
. | 75 _264 627 209 335 | Sees soe 15.3 01 
ie ee 4855 | 2155 | 1888 | ssee | 1578 | 563] 1470 | at00 | 440 | a4 


FEEDING RECORD, FEBRUARY 7 TO FEBRUARY 20. 


= ko=— 


i d a eae 
ea 3 rere ye oh Aah 
Fy : Fs ss Gud |B. 
5 le) 
No. of Pen, ‘7 5 § 3 5 é wee ws 
is Hi 3 os Te) F i) A ge | Oc 
a a ical ug » o * ® i=) 
> AS B he Nocatee 2 |g.e%ls 
si S ‘a 5 eye ae g ® Fees ee 
by es Pa mo | oe |e] a a |sad|s 
iS LOD B10 e207 LAS ebaas SLO Taal: ee ER 
2 eS ie i ee gi0 | 270 | 42 468 | 184 | 252 g40 | 151 | 1.5 
SS een 63 BG0.:||: “SOLel A5OKe de 710, Heer, orc |e pose ie 12, Be leet 
i ara 63 210 | 282 | 418 | 140 LOC eo LON eee 
5 es ee a UE ee pee foc oh 128008 tae ten 
6, 822 | 274 | 207 | 667 | 222 | 836 Po Ne 160" Nae 
otal sun. 20: 4g3i | 2128 | 1902 | 3541 | 1619 | 588] 1470 | 2100 | 14.0 | 1.0 
FEEDING RECORD, FEBRUARY .20 TO MARCH 6. 
ie a 2 a 92 826 202 [See eee 11.6 0.0 
2. 630 | 210 | 120 | 540 | ago [252 810 | 15.9 | 1.0 
a 630° | 700 | 69 | 550 | 611 smile peli ee aera Si: 
4. : BiG) |) aes we cage | agi Na ies. 10 | Ae, | 1G ede 
5. Beaeh Win) 1628 1 800 do cote A260 TS Vee 
6 238 62 | 687 223 | 336 peas bee Ae) 
3704 | 1589 | 588] 1470 | 2000 | 14.3 | 0.7 
RECORD, MARCH 6 TO MARCH 18. 
ie Gone) LSU 1S LOW ne OB a Ie) POR becky | ae Ia 14 Sena: 
ts shea a ee a2 | 18k 96 | 480 | 160 | 216] 2. 540 | 15.3 |--1.4 
3, 4s0 | 600 | 192 | * 427 | 521 |...... didlos ol tise 
ae 54 ie P1801} 190) 4a see Oadl adh ee ad eee 
oe ee 612 | 4 | 137 519 180 Ales Be ape 810 | 12.4 |-1.7 
a padi oa 612 | 204 g2 | 543 | 181 | 298 as 15.6 |—0.1 
otal just. 0 go56 | 1552 | 794 | 3009 | 1305 | 720] 945 | 1350 | 13.9 | 0.5 
FEEDING RECORD, DECEMBER 27 TO MARCH 18. 
6162) 1230 | 285 | 5089 | 1018 | 198 wwae [cd2.6) IN OUee 
4504 | 1488 | 1663 | 3235 | 1094 | 1429] |... | 4600 | 15.8 | 1.41 
680 .| 48287 | 10440) 2948] 2886L desacasl) cote ase af eth.9 J) to 
3690 | 1230 | 1384 | 2651 | 885 | 27 | 7972 ¥ 15.1 | 0.88 
4596 | 1532 | 1480 | 348L | 1167 |......| .... | 6800 | 13.6 | 1.15 
4596. | 1532 { 1181 | 8601- | 1266 {/20044 oc; 4 0... | 15.7 | 1.08 
otal’ 2402 soi: 27178 | 11835 | 8637 | 21095 | 92e1 | 3678 | 7972 | 11400 | 14.4 | 1.12 


The pens gained 


81 days of'the test: 


He Ste ORIN tots 4 Seed Oe Bethe een Saal tee ..150 tb 
i. tee re a eA Basa Let RON 242 tb 
“ (Oe | eee EN SERIE VENI ou Sigs, 2 357 lb 
“ MRE Ai chi cst i! 2p Se ee hy Mesias Oe 5 i 2131p 
- Reebis eh O29 3 é : ae SWANS EY. i 27, 27 
OE  enGc Je.) et ee ae ee) EL hd be 252 tb 

Thon bot aa enamel Me rR Bie EA oo 78 LL Tena 2b 


as follows in total weight during the 


This isan average of 88 pounds per head, or one and 
one-tenth pounds per day per head. 
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SHRINKAGE FROM DIFFERENT FEEDS. 


On March 13, the steers were weighed in the forenoon 
after feeding and before watering. [hey were presumably 
about half full. Ihe sameday they were weighed in the 
middle of the afternoon, after drinking, and when they 
probably had the heaviest weight of the day. The varia- 
tions between the weights are decided. The steers weighed 
on the average 37 pounds more, full than half full. Pen 
No. 1 showed 49 pounds; pen No. 2, 36 pounds; pen No. 3, 
21 pounds; pen No. 4, 12 pounds; pen No. 5, 57 pounds; pen 
No. 6, 46 pounds. ‘The pen on the ensilage shows the least 
gain, which was to be expected; but the beet pen, showing 
the most, was decidedly, contrary to expectation. 

In individual steers, ‘Little Roan,” on hay, gains 70 
pounds; “Strawberry,” on beets and grain, 85 pounds; and 
“Cherry,” on grain, 66 pounds; while “Calico,” No. 4, No. 3, 
and “ Baldy,” each make less than 15 pounds gain. 


WEIGHTS AND SHRINKAGE 


Weight * Weight . Probab] 
No. of Feed Weight March 16 a. Weight Marelr18 Dp. Weight Beene if 
Pen coe Dec. 27.) m., half eet ¥ m., no aren 19, sold at. 
fall. m., full. rater enver. fare 
Pete Riess Alfalfa | 991 1,065 1,114 4,041 J ,042 1,090 
aerene Wheat and Beets) 997 1,148 1,184 111 1,100 1,164 
Be ae Fodder Corn | 990 1,115 1,136 1,019 1,033 1,126 
trae tee Ensilage | 996 1,115 1,135 1,067 1,018 1.120 
5. ner Beets 985 1,097 1,154 1,078 1,075 1,126 
esau Wheat 1,062 1,183 1 229 1,148 1,i75 1,206 
AWOL al. Stemscneneal 1,003 1,120 1.159 1,094 1,074 1,139 
Gain from Dec. 27 to|Gain from Dec. 27 to/Shtink from probable 
No, of Pen. Marchii8tacan Denver weight weight if sold on farm 
to Denver weight. 
1 etal 74 51 48 
Bes ee esse teeeecns ences 151 103 64 
ot neaioarsee sited btelerear ies 125 43 93 
LUT ARO Sn ROP ee CIO 119 22 102 
D> nosoSqenantcosnan en nG 112 90 51 
LOS 4 SE ORE Ore hee ioe eater 121 113 31 
PSVOCAS One Rhee aor 117 70 65 


The steers were shipped to Denver on March 18, at six 
o'clock p.m. They were not watered onthe 18th, and were 
weighed in the afternoon before driving to the cars. So 
that the farm weight represents considerably less than full 
weight, and, on the average, it is 28 pounds less than the 
half-full weight of March 13, in the forenoon; showing 
that the steers had not eaten much food, not having water. 
"hey went to Denver that night, were unloaded into the 
corrals, fed and watered. They all drank, but ate scarcely 
anything. They were then weighed separately about 


nine o’clock inthe forenoon. There is an average shrink 
of twenty pounds from Fort Collins to Denver, and a 
shrink of forty-six pounds from March 13, a. m., weight. If 
sold in Fort Collins, it would have been “any time after 11 
a. m., after feeding and watering,” and would probably have 
given an average weight of 1,139 pounds, which is 65 pounds 
more than the Denver weight. .The Fort Collins weight 
would have been subject toa four per cent. shrink, or 46 
pounds, which would leave the Denver weight 21 pounds 
less than the Fort Collins weight with a four per cent. shrink. 
This is the average, but for the several pens the results are 
quite different. The difference between the Denver weight 
and Fort Collins weight with 4 per cent. shrink is, four 
pounds tor pen No’ 1, vetgheeen for pen: No. 277 forty. 
eight for pen No. 3; fifty-seven for pen No. 4; six for pen 
No.5; and seventeen for pen No.6. Omitting the two pens 
that were fed on corn fodder and corn ensilage, the other 
pens together differ but eleven pounds froma four per cent. 
shrink. It can be said then, that, on ordinary feed, a four 
per cent. shrink represents very closely the difference be- 
tween farm weight and Denver weight. Or, to put it in 
another way, cattle shrink about four per cent. from Fort 
Collins to Denver. When it is remembered that ten per 
cent. is the commonly estimated shrink from Fort Collins to 
Chicago, it will be seen how much advantage Denver has 
over the latter market 


RELATIVE VALUE OF DIFFERENT FEEDS. 


Corn Fodder and Corn Ensilage.--Pen No. 3 ate 2,948 
pounds of hay and 3,861 pounds of corn fodder; while pen 
No. 4 ate 2,651 pounds of hay, 885 pounds of corn fodder, 
and 7,972 pounds of cornensilage. Each pen was fed all it 
would eat, and if both pens consumed the same amount of 
nourishment, then, by subtraction (changing the surplus of 
alfalfa to its approximate equivalent of corn fodder), 3,373 
pounds of corn fodder is equivalent to 7,972 pounds of corn 
ensilage. Then 2.4 pounds of ensilage is equal to one 
pound of corn fodder, or 100 pounds of ensilage is equal to 
42 pounds of corn fodder. 

As already stated, this is on the supposition that, in 
each case, the steers took equivalent amounts of nourish- 
ment. Or, it shows the relative amounts that will be eaten 
of each if the steers are fed ad lzéztum. According to the 
chemical composition of each, 100 pounds of ensilage should 
be equal to 66 pounds of corn fodder. This shows a wide 
difference between the two. A possible explanation is that, 


‘n cold weather, it requires quite a share of the full feeding 
value of the ensilage to evaporate the extra water it con- 
tains. “ ; 

The steers in pen No. 4, on ensilage, gained but little 
more than half as much as those in pen No. 3,0n fodder 
corn, which shows still more unfavorably for the ensilage. 
Pen No. 3, weighed in Denver 43 pounds per head more 
than it weighed December 27, while pen No. 4 weighed only 
22 pounds more, or just one-half the net gain. Some of the 
other pens weighed over a hundred pounds more. 

If sold at Fort Collins with a four per cent. shrink, the 
gain in weight of pen No. 3, would have been 136 pounds 
per head, while that of pen No.4, would have been 124 
pounds per head. But both of these pens shrunk heavily in 
shipping, much more so than any other pens. If sold on 
the farm, not much difference would have been shown in the 
two pens; but what difference there was would have been 
in favor of fodder corn over ensilage. 

Alfalfa and Corn Fodder —The steers in pen NO.1 ate 
5,089 pounds of alfalfa, 1,018 pounds fodder corn, and 198° 
pounds of grain, while those in pen No. 3 ate 2,948 pounds 
of alfalfa, 3,861 pounds of fodder corn, and no grain. Sub- 
tracting, leaves 2,141 pounds of hay plus 198 pounds of 
grain, which is equal to 2,843 pounds of fodder corn. ‘This 
makes 100 pounds of hay equal in feeding value to about 112 
pounds of corn fodder. Figured from hay to ensilage 
through fodder corn, gives 1co pounds of hay, equal to 269 
pounds of ensilage. Alfalfa gave 150 pounds gain, and fod- 
der corn 357, taking the weights on the farm. In Denver, 
the hay gives 153, while fodder corn only 129, making the 
two about equivalent, pound for pound, for feed. If the 
comparison is made on any basis of Denver weights, the 
ensilage made the least gain, fodder corn next, alfalfa next, 
and all nearly alike. If on any basis of farm weights, fod- 
der corn is best, ensilage next, and alialia last; ‘with= mor 
much difference. The steers that were fed alfalfa and fod- 
der corn sold for the same price per pound each being ten 
cents per hundred pounds more than the ensilage pen. 
pen sae ee Ga laking the difference between the 
alf eae y pens Nos. 1 and 6, leaves 1,3¢8 pounds of 
aah Pe ea eee ane 238 pounds of fodder corn, plus 
Bead Gi be ae the other. Or, the addition of a 
ae a That ae ion Sa TRChy takes off a pound from 
Brecaraltoyiy sce ae ae animals fed grain will take 
steers gained near] aan ed alfalfa alone. The grain-fed 

g ‘arly double as much as the hay fed. 


ae 

Alfalfa and Beets—Pen No.5 ate 6,800 pounds of beets 
more than pen No. 1, and 1,839 pounds less of hay; or, one 
pound of hay for each 3.7 pounds of beets. This is not far 
from the chemical equivalent of the two. But the beets 
made just twice as much gain, on the basis of farm weights 
and 1.8 time as much on Denver weight, showing a decided 
advantage in the beets. 

Alfalfa compared with Grain and Beets —Pen No. 2 eats 
4,600 pounds of beets, 1,231 pounds of grain, and 76 pounds 
of corn fodder more than pen No. 1, and only 1,854 pounds 
lessof hay. Showing thatstock take much more total food 
with grain and beets than with hay alone. The gain was 
also more than twice as much on the heavier feed, whether 
counted on the farm or in Denver. 

Gram and Beets—A comparison of pens Nos. 5 and 6 
indicates that a pound of grain can take the place ot about 
2.6 pounds of beets. Theoretically, the grain-fed steers 
consumed the more nourishment and they made the larger 
gain on Denver basis and the smaller, judged by their 
weights, atthe farm. The average of the two is about even. 
Commercial gains of the two are also about the same. On 
the face of the experiment, the beets and grain have done 
equally well, but the grain-fed steers received a set-back 
from over feeding. Hence, it is hardly safe to say what 
would be the comparison on even terms. 

Beets compared with Grain and Beets-—The stock took 
much more food on grain and beets than on beets alone. 
They madea third more gain on the farm and a seventh 
more in Denver. Judged by either standard, extra grain 
fed with the beets did not yield a return equal to its cost. 

Grain compared with Grain and Beets. A comparison of 
pens Nos. 2 and 6,seems to show that the total nourish- 
ment eaten isabout the same. The gains are in favor of 
the grain and beets on the farm, and in favor of the grain 
alone in Denver. Financially, the two gave equal results. 
When it is remembered that the grain was far from its best 
it will be seen that the grain alone was, on the whole, superior 
to the grainand beets. Or in other words, the beets added to 
the grain ration paid less than $3 per ton. It will thus be 
seen that both beets alone and grain alone have given bet- 
ter returns than the two when fed together. 

It is particularly to be noted that the pen with beets 
and grain ate no more total nourishment than those on grain 
alone, i. e., the extra beets did not enable more food to be 
taken. But it should also be noted that both grain and 
grain and beets gave more food digested than beets alone. 
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This indicates that thirty pounds of beets per day isa little 
too much for evena steer to handle. 


FOOD TO PRODUCE A POUND OF GROWTH. 


When the steers came to the farm they averaged 981 
pounds live weight, and on March 31, under the same con- 
ditions, 1,120 pounds, a gain of 139 pounds per head, or an 
increase of 15 per cent. inlive weight. They ate an equiva- 
lent to 45,000 pounds of hay, and 6,528 pounds of grain. 
Thus, each pound of growth required 18 pounds of hay and 
2.6 pounds of grain, costing 5.6 cents per pound of growth. 
Figured in the same way, it cost 4.6 cents for each pound of 
growth put on the sheep fed at the College during the same 
winter. After deducting freight and the other expenses of 
marketing, the steers sold for about 3.7 cents per pound, 
and the sheep for 5.05 cents per pound. The sheep paid for 
their feed in their growth, leaving the increase of value of 
the carcass for profit ; while each pound of growth in the 
steers cost more than it sold for, making a loss to be met 
from the increased value of the carcass. 


RELATIVE CHANCES OF PROFIT IN FEEDING STEERS AND SHEEP. 


A 1,000-pound steer bought at three cents a pound live 
weight, witha three per cent. shrink, will cost $29.10. After 
feeding for three months on hay and a little grain, it should 
weigh in Omaha, 1,090 pounds. The expenses for grain, 
labor, and interest, that is all=the cost, except the hay, 
would be about $4.45, and the shipping expenses, $4.75, a 
total of $9.20. If sold for acent a pound more than it cost, 
the returns would be $43.60, or a margin of $5.30 per steer 
for the hay. This would makea return of $2.65 per ton for 
alfalfa. Each ten cents taken off or added to the selling 
price of the steers will make a difference of about 55 cents 
per ton in the amount received for the hay. 


_ Twenty 50-pound lambs, or 1,000 pounds of lambs will 
weigh in Chicago, after fattening, 1,600 pounds. They will 
cost for the expenses of shipment, $15, and, with grain at 
$12 per ton, the expense for grain, labor, interest, and dip- 
ping, will be $23, a total of $38. 


__ If bought at three cents and sold for five cents, the cost 
will be $30, and the selling price $80. This leaves a margin 
on the twenty lambs of $12, or a return of $3 per ton for 
hay. Each ten cents change in the sel r 


Iffore ling price makes a 
3 he of 40 cents per ton in the returns for the hay 
en: 


It is evident that at these prices there is not much dif- 
ference in the profits or returns from the two classes of 
stock. The whole problem is, therefore, narrowed to the 
single question, which is the more likely to happen, a differ- 
ence of One cent per pound between the cost and selling 
price of hay fed steers if marketed in Omaha, ora differ- 
ence of two cents per pound between the cost of lambs in 
the fall and what they will sell for on the Chicago market ? 

The prices of different years would give different 
answers to this question. During 1894-95, lambs cost $1.35 
per head, with the freight paid to Omaha, which would be 
about $2.24 per hundred pounds live weight ; and they sold 
for $5.50, or three and one-fourth cents per pound more 
than they cost. The fall of 1895 lambs cost $1.65 each, or 
$2.84 per hundred pounds. They sold on the average fora 
little less than two cents per pound more than they cost. 

The steers that cost $2.50 the fall of 1894, brought $4 
in Omaha four months later, while many steers that cost $3 
the fallof 1895 brought at Omaha, in March 1806, but $3.50. 

There is certainly a great difference of profits in these 
two years, but the profits in either year are not much differ- 
ent with sheep and cattle. 

On the average, sheep have paid a little better than 
cattle ; and, since a given change in the market affects the 
profits from sheep less than those from cattle, there is less 
danger ofloss from the slight daily fluctuations of the mar- 
ket that are continually occurring. 

Another item strongly in favor of the sheep is, the less 
first cost compared with feed eaten and final return. To 
eat 200 tons of hay requires about 100 steers ata cost of 
$2,900. While in sheep it requires 1,000 head at a cost of 
$1,600, or about one-half of the cash invested. As 
most of the feeding is done in this country on money bor- 
rowed from the bank, it follows that much more hay will be 
eaten from each $1,000 invested if the hay is fed to sheep. 


MARKET PRICE AS INFLUENCED BY FEED. 


When the steers were ready for market, the buyer for 
the Colorado Packing Company, of Denver, Mr. C.Burkhart, 
came to Fort Collins and priced each steer separately and 
then priced the bunch as a whole. The price asa whole 
figured within four cents per hundred ofthe price of each 
separately. The separate prices have therefore been taken 
as the selling price of each steer. The selling prices were 
as follows: 


So) aS 


i Roan,.$ 38 85 Brindle, ....8 3 80) i 
Noe: rai 3 70 ! Pen No. 1. vINosA eee 3 50! Pen No. 4- 
Red Har,.... 3 85) Cody, seme 3 80 } 

Average,..$ 3 80 Average;..$ 3 70 
Strawberry,.$ 4 00> Whitey, ..... $ 3 90 . 
No. aa 3B 30 | Pen No. 2: OnGieee 3.80! Pen No. 5. 
Baldy, ...... 3 80 | Sandy,...... 3 80 

Average, 8.3.87. Average,..3 3 83 
Spot,.......9 4 00> Red Leg,....$ 4 00 
No AS ee i etsy Al, | Pen No. 3 INO eee 3 60 l Pen No. 6. 
@alicos. 7 sen onl \ Cherry 4 00 \ 


(=) 


Average,..$ 3 8 Average,..$ 3 87 


The pens getting grain and beets and grain alone. 
return the highest prices. Beets did next, then alfalfa and 
fodder corn, with ensilage last. The difference between 
ensilage and grain is 17 cents per 100 pounds, or a differ- 
ence of more than $1 per ton for the hay, due to difference 
in quality of the animal asa result of the feed. It may be 
that this is due somewhat to the individuality of the animal 
and not to the feed, since Brindle was the poorest of the 
four-year-olds at the outset. 


When compared by groups, the four-year-olds average 
3.92, the yearlings 3.68, and the two-year-olds 3.82. The 
mature steers sell for considerably more than the younger 
ones, or 24 cents per 100 pounds, equivalent to about $1.50 
per ton for the hay, or enough to easily change profit to loss 
had they been bought atthe same price. But the four-year- 
olds cost 3 cents and the yearlings 2.65, so that the younger 
steers sold for a greater advance over the cost than the 
older. The two-year-olds cost 15 cents less than the four- 
year-olds and sold for 10 centsless. In general, the relation 


of cost and selling the price of the three bunches is within 5 
cents of the average. 


PROFITS OF DIFFERENT FEEDS. 


The original cost of the steer added to the value of the 
hay at $4 per ton, eaten from the time the steer reached the. 
farm until December 27, gives what has been figured as the 
cost of the steer December 27. If to this is added the cost 


of the food eaten during the test, it gives the cost of the 
steer at Denver. | 


rhe condensed statement for the six pens is as follows: 


‘ Value of food A : Cost, plus |Sellin rie Amount re- 
No. of Pen. |Cost Dec. 27.) eaten Dec.27 pares PIICE food Dec. 27 nore: A lturn for the 
to March 18,} 12 Venver. 115 March 18. cost. | hay eaten. 

1 Reel re schskev hn Sevens $ 84 70 $ 14 19 $il5 24 $ y8 8y bi6 35 » 26 58 
2. 3 82 36 29 32 124 29 111 68 12 61 19 28 
84 32 15 33 114 45 99 85 15 10 20 98 
84 81 19 68 109. 98 104 49 | 5 49 10 79 
838 44 23 46 119 87 106 90 12 97 19 93 
87 41 27 00 128 36 114 41 13 95 21 33 
‘Rotaliewssess $507 U4 $129 18 $712 69 $636 22 $76 47 $118 84 
Average .... 87 84 ak = 1138 ue 106 U4 12 74 19 81 


It will be seen from this, that the largest increase in 
in market value is made by the pen on beets and grain, fol- 
lowed by the grain, and then by the beets; the least by the 
ensilage. The value of the food eaten follows in the same 
proportion for the first three, but the alfalfa pen is the 
cheapest food, and the fodder corn next, leaving the ensil- 
age about the middle. Itshould be remembered that these 
figures are based onthe prices of $4 per ton for alfalfa and 
beets, $5 per ton for fodder corn, $3 for ensilage, and $15 
for grain, being as nearly as possible the relative cost of 
production, and with norelation whatever to the relative 
feeding value. The total quantity of actual nourishment is 
not much different in the food of the several pens and the 
difference in the cost price is governed by the large differ- 
ences made in prices compared with real feeding value. 
The feeding value of the fodder corn was probably about a 
quarter less than the alfalfa, and it has been figured _ to cost 
a quarter more. Ensilage has been figured at $3 per ton; 
whereas its feeding value would be one-half that as com- 
pared with alfalfa at $4 per ton. 

The pens having the concentrated food grew the fastest, 
hence they made the largest increase in market value, but 
the market cost of their food was so great that they did 
not yield a correspondingly large amount of net profit. 
This net profit, or difference between selling price and cost 
plus the value of food, is most inthe alfalfa and least in the 
ensilage. Thisis principally due tothe fact that alfalfa at 
$4 per ton gives a pound of digestible material at a less price 
than in any of the other foods. The fodder corn comes 
next to the alfalfa, and is nearly as much notwithstanding 
the high price set on the fodder. Grain comes next, fol- 
lowed ‘by beets alone and grain and beets. The three pens 
of concentrated food are closely even in this respect. 


RETURNS FOR ALFALFA. 
If from the gross receipts is subtracted all the expense 
except the hay, the difference may be counted as what was 


Lan 


received for raising and feeding out the hay. All things 
considered, for a man ona small farm, who does not feed 
morestock than he can take care of himself, this isthe fairest 
way of calculating profits. For the outside feeder, there 
needs to be taken into account the net profit, minus interest, 
the value of his own time, all incidental expenses for horses, 
wagons, etc., and enough more to compensate for the risk. 
The home feeder has this simple problem before him: I 
have raised my hay. I haveonhand my own teams andall 
equipments. In what waycan I put in my time through the 
winter to get the largest net return from the hay I have 
raised? 

On this basis, the alfalfa pen, of course, gives the largest 
return, followed by the other four pens, except the ensilage, 
just about even and ensilage last. But the amount of hay 
eaten by the pens is quite variable, and, when put into the 
amount received per ton, it stands as follows: 


Selling Vrice More Net Return for Alfalfa 
No; of Pen. Ein y Tetons than Cost, Less Hay. Per Ton 
12S RoE ee Se 5089 ($26 53 $10 42 
PSE OC OEE DOOR COC AOC 3336 19 28 11 55 
3 2938 20 98 17 7u 
4 2651 10 79 8 12 
5 3481 19 93 11 47 
6 3691 21 83 11 56 
ROtalearae cate .aracteerer 21186 118 84 * 11 80 


When figured to return per ton for alfalfa eaten, the 
fodder corn shows much better than any other, with ensil- 
age asthe least. The other four are not much different, 
but the alfalfa pen though showing the least, yet makes the 
surprising showing of about $10.50 per ton, when two and a 
half tons were fed to three steers. 

[tisialso shown in this view of the case, that much less 
hay was eaten by the other pens than by the alfalfa pen, so 
that to consume a given amount of hay would require more 
cattle, a larger outlay, anda greater risk. The extra re- 
turn for the alfalfa per ton when fed with grain, beets, or 
both, would not more than repay the extra interest. 

Looking at the matter from the point of return per ton 
for alfalfa fed, the alfalfa and fodder corn pens have done 
decidedly the best. Thisis the same result obtained by 
ponte true net profit. As to which of these two pens 
eae better, it would be difficult to say. They are about 

EFFECT OF AGE ON PROFIT. 


In this o area = ya 
us test there were used three groups of steers, four- 


year-olds, two-year-olds, and yearlings. Comparing these 
groups there is obtained the figures below : 


Average | Average | Gainin | Weight | Shrinkage |Per Cent.| Gain in Weight 


Weight, | Weight, | Weight. in in Ship’g. of from Dec. 27 to 

Dec. 27. | Mch. 18. Denver. Shrink. Denver. 
Four-year-olds. . 1289 1419 130! 1358 61 4.3 69 
Two-year-olds... 984 1091 107 1042 49 4.5 58 
Yearlings ....... 736 849 113 821 28: 3.3 85 


The four-year-olds gained the most rapidly of the three 
groups, and the two-year-olds the slowest. On shipping to 
Denver, the four-year-olds also shrunk the most, this extra 
shrinking more than overcoming their extra growth; so 
that the yearlings made more gain from December 27 to 
their weight in December than either of the other groups. 
These latter differences, however, are not great, amounting 
for the extremes to about one-fifth of a pound of growth 
per head per day. 

When account is taken of the food eaten, as well as the 
growth made, the results are as in the subjoined table: 


| hve - Pounds di- | Pounds digesti-| Value | Value food 
Average | Gain in weight gestiblemat-| ble matter tol jof food | eaten for 1 


Weight. | Dec. 27-Mch. 13. | ¢ey eaten. pound growth, | eaten. | lb. growth. 
Four-year-olds .. 1354 130 1434 D0) $8 65 $. 067 
Cwo-year-olds... 1037 107 1059 9.9 6 67 . 062 


Yearlings........ 792 113 961 8.5 6 20 055 


The amount of food required has varied according to 
size, the four-year-olds eating one-half as much again as the 
yearlings, and the amount required for each pound of 
growth follows in about the same proportion. There is not 
so much difference in the value Of the food eaten for each 
pound of growth, because the larger animals ate a propor- 
tionally larger amount of coarse fodder. The oldest 
animals ate the most value of food for each pound of 
growth, and the youngest the least. 

If to the cost of the steer when delivered on the farm, 
there is added the value of the food eaten between then and 
December 27, when the experimental feeding began, the 
financial account from then until they were sold stands as 
follows: 


Cost | Selling | Excess of sell- | Value of food 
Dec. | price in | ing price over | eaten Dec. 27 Profit per | Return for alfalfa 


27. | Denver. | cost Dec. 27. to March 18. steer. per ton. 
Four-year-olds .. |$39 97) $51 67 $11 70 $8 65 $3 05 $ 8 00 
RG pearolds. 27 23] 87 88 10 60 6 67 3 93 10 50 
Yearlings........ 17 61| 29 27 11 66 6 2 5 46 16 00 


There isnot much difference between the excess of the 
Denver price over the December 27 price for the three 


ages of steers. But the older steers have eaten so much 
more food than the younger as to make nearly two dollars 
and a half difference per head inthe profits of the feeding. 
This is notwithstanding the fact that the older steers sold 
at an average higher price per pound. When figured on to 
return per ton for alfalfa, the difference is ever greater, the 
youngest steers doubling the return from the oldest. 

If instead of starting December 27, the estimate 1s 
made from the time the steers reached the farm, the results 
are much the same and are given below: 


._,| Selling | Excess of sel- 
First price in | ing price over Value of all Profit per Return for alfalfa 


cost. | Denver tirst cost. food eaten. steer. per ton. 
Four-year-olds . |$37 43} $5167 | #14 24 $11 1y $3.05 € 6 20 
‘wo-year-olds ..| 26 73] 37 83 11 10 TOV 3 98 10 00 
Yearlings .......| 16 87 29 27 12 40 6 94 7) 46 12 30 


SUMMARY OF COMPARISON BY AGE. 


These results can be summarized and show that the 
four-year-old steers grew the fastest ; or, a better expres- 
sion would be, that they gained in live weight the fastest, 
since they had already grown their frame and on our feed- 
ing, they were putting on flesh and fat. At the same time 
these old and large steers ate a large quantity of food, the 
amount as compared with the smaller steers being nearly 
proportional to their live weights. The extra feed more 
than overbalanced the more rapid growth and made the 
amount of food eaten for each pound of growth and the 
cost of this food the largest of the three classes. 

Che shrinkage in shipping the large steers was about as 
much more than that for the small steers as they had gained 
more in live weight. So that the three classes in Denver 
weighed each about the same number of pounds more than 
when first put on feed. 

In total net profit and in amount returned for alfalfa, 
the large steers show the poorest returns, and the smaller 
steers the best. 

The important lesson to be learned from this test is, 
that well-bred steers that have been wintered on hay the 
first season can be profitably fed for beef and marketed 
when they are coming two years old. This cuts off from 
one to two years from the present common method of run- 
ning cattle on the range. It allows more head of stock to 


be kept on a given range and adds at least one-half to the 
number that can be turned off each year. 


Gattle Feeding in 1895-96. 


For the feeding tests of. 1895-96, 15 steers were pur- 
chased. They were grades of mixed Shorthorn and Here- 
ford on native stock. Three of them were two-year-olds 
and the rest a year older, i. e., coming four the spring of 
1896. [Chey reached the farm the evéning of, October 22; 
1895, after being driven forty-seven miles in two days. 
They were weighed at noon of the next day and divided 
into, five: lots of three each. Pens Nos.1 and 6. received 
nothing but alfalfa hay. Pen No. 2 was fed alfalfa hay and 
beets, beginning with five pounds cf beets per head per day 
and increasing a pound a day until twenty-five pounds was 
reached. This amount was fed constantly until January 8, 
1896. 

Pen No. 3 began on alfalfa hay and ten pounds of corn 
ensilage, increasing to twenty pounds and remaining at that 
amount until December 19, when barley was fed inits place. 
The remaining three steers were turned into a fairly good 
pasture and were fed in addition all the hay they would eat. 


FEEDING RECORD NOVEMBER 7, TO DECEMBER 19. 


No. of Pen. | Hay. Ensilage. | Beets. | Gain in weight. 
ep 4552 0) 
rie | 4283 gse 
Sous 4472 80 


Feeding on Alfalfa alone.—Pens Nos. 1 and 6 received 
nothing but alfalfa, but Pen No. 6 gained 25 pounds more 
per head witha little less hay eaten. This would seem to 
indicate that the steers in Pen No. 6 were somewhat better 


than those in Pen No. 1, although to the eye they seemed 
to be closely equal. The fact that, when put on grain feed- 
ing, Pen No. 1 on corn surpasses Pen No. 6, on barley and 
beets, notwithstanding the seeming better quality of the 
steers in Pen No.6, gives added weight to the superior feed- 
ing value of corn. 

The total amount of hay eaten by Pens Nos. 1 and 6, 
from October 23 to December 19, is 11,581 pounds. This is 
for six steers fifty-seven days, or 34 pounds of hay per day per 
head for steers that weighed on the average 1,220 pounds. 
If steers eat according to weight, this would be 25 pounds 
per day for a 1,000-pound steer. During this time there 
was taken from their mangers twelve pounds of hay per 
day per head. This refuse was fed to horses and stock cat- 
tle, so that it should not be charged against the steers. 
This refuse amounts to just one-fourth of the entire hay fed. 
The amount charged as eaten also includes the amount 
thrown out of the manger, trampled under foot, and wasted. 
The proportion of refuse holds good to the end of the win- 
ter, though the steers eating’ beets leave much more hay 
than those on grain alone. On alfalfa alone the average of 
the six steers from November 8to December 109 is a gain of 
112 pounds in live weight in 42 days, or 2.4 pounds per head 
per day. This is a greater gain than was made by either of 
the pens having ensilage or beets. Indeed, the poorer of 
the pens on hay did better than either of the ensilage or 
beet pens. 

Alfalfa and E-nustlage—During the feeding of 1894-95 
the ensilage gave the poorest result of any of the feeds 
used. The record is much the same for the following year. 
From November 7 to December 19 the three steers in Pen 
No. 3 ate as much hay as the average of Pens Nos. 1 and 6 
that had hay alone. But, in addition to this, Pen No. 3 ate 
2,250 pounds of ensilage nearly .equivalent to another 
thousand pounds of hay, and gained less in live weight 
than the steers on hay alone. Thus, the addition of ensil- 
age to the ration produced a less gain in weight from one- 
ae ne only explanation is, that the entire 
Se ee Be was employed in getting rid 
es ee I ta <en into the system with the ensilage, 
late eo worse than thrown away. 
fe se ae alls ya feeding of ensilage shows that 
i sien ae e teed for steers that are fed in the open 

r. These results, however, have no bear- 


ing on the question of feeding ensilage to milk:cows stabled 
In a warm barn. 


— 33 ——— 


Alfalfa and Leets—The beets were eaten greedily and 
were fed in liberal quantities. The steers ate 3,015 pounds 
of beets from November 7 to December rg and, in addition, 
about as much hay as the steers that had nothing but hay. 
As they gained less on hay and beets than they did on hay 
alone, the beets were apparently more than wasted. 

The pens on hay and beets and on hay and ensilage 
consumed nearly the same amount of food value and gained 
almost exactly the same amount in weight. 

Fall Pasture for Steers —During the first few days after 
the steers were turned into pasture they filled: out nicely, 
but when cold weather came they almost ceased growing 
and from November 7 to December 19 they gained scarcely 
one-half as much as those fedinthe pens. It was so evident 
that they were not doing wellon pasture that, December 109, 
they were brought to the yards and put on hay and corn. 
They had, however, received such a set back that they did 
not recover from its effect for more than a month. Even 
when sold in Denver, four months later, their total gain was 
79 pounds less than that of the rest of the steers. 


HEAVY GRAIN FEEDING. 


Heavy feeding began December 19, though the steers 
did not receive the largest amount of grain until about the 
first of March. Ali the pens received alfalfa hay and, in 
addition, Pen No.1 received corn; Pen No. 2, wheat and 
beets ; Pen No. 3, barley; and Pen No. 6, barley and beets. 


RECORD OF FEEDING, DECEMBER 19 TO APRIL 6. 


No. of Pen. Hay. Corn. | Wheat. | Barley. | Beets. Soeetanie Shrinkage in 
; per head shipping. 
pee iatorcte eidisies atecetarorayeucros 9195 235k) I cacneteaee 237 756 155 8 
Be COT ROE COLE. 7938 237 PY Tere Rage OeeG 6936 168 —27 
Fo aan BN aa ean 8898 |...- + BATE a 08) DS NN iret 76 37 
Gre 7524 | eerie 237 2256 5694 141 —66 


Corn versus Barley —A comparison of Pen Nos.1 and 3 
is a test of corn and barley, each fed without beets. 

The two ate nearly the same amount of hay and much 
the same of grain. The extra grain eaten by Pen No. 3 just 
about balances the extra hay and a few beets fed to Pen No. 
1. Both the nutritive and commercial value of the foods 
eaten are equivalent. The growth is decidedly in favor of 
the corn. Not only did the corn make a larger growth, 
amounting to 79 pounds per head, but this growth was so 
much firmer that it shrank less in shipment. The corn-fed 


steers weighed on the market 124 pounds more per head 
than the barley fed. 

This result was unexpected when the feeding began, for 
barley fed to pigs had given almost as good results as corn. 
When fed to sheep, barley showed but a slight inferiority to 
corn. The barley-fed steers began to show soon after they 
were put onto the feed that they were not doing so well as 
those having corn. They ate their feed up clean, and with 
a fairly good appetite, but always looked worse than their 
neighbors fed on corn. / 

Corn versus Wheat and Beets — The feeding of 1894-95 
indicated that wheat and corn were about equal in feeding 
value, pound for pound. It was fair to presume, then, that, 
if beets were added to the wheat, the two together would 
prove superior to corn. This expectation was not realized. 
The winter of 1895-96 was favorable to the feeding of beets 
as there was but little severely cold weather. Yet, the 
wheat and beets produced only eight pounds more growth 
per head than the corn. The growth was soft and shrank 
considerably in shipping, so that, if judged by the market 
weights, the corn-fed steers gained 27 pounds each more 
than those having wheat and beets. 

The beets took the place of part of the hay ; the wheat 
and beet steers eating 419 pounds less of hay and 2,060 
pounds more of beets. Since the hay and beets have an 
equal commercial value, the balance of the beets, 1,641 
pounds, was wasted. 

Barley versus Barley and Beets —The preceeding com- 
parison shows that the addition of beets to the wheat ration 
was without advantage. The opposite results appear, when 
a comparison is made, between the steers getting barley 
alone and those getting barley and beets. The one ate 450 
pounds more hay and the other 1,646 pounds more of beets. 
To offset this thousand pounds of beets extra, the steers 
getting the beets grew nearly twice as fast as those getting 
barley alone, gaining 141 pounds per head, while the barley 
fed steers are gaining 76 pounds. Just as those having 
wheat and beets shrink more in shipping than the corn-fed 
steers, so the barley and beet steers shrink more than those 
on barley alone. On the market the steers having barley 
and beets gained 75 pounds each above their December 19 
weight, while the steers eating barley alone gained only 36 
pounds. 

The steers on barley and beets grow nearly as fast as 


those on corn, but lose much of this gain in shipping, leav- 
ing the corn far ahead. 


Wheat and Beets versus Barley and Beets-—The 
amounts of grain and beets are nearly the same, but the 
wheat and beets give considerable more growth than the 
barley and beets. Just as barley alone shrinks more than 
corn alone, so barley and beets shrink more than wheat 
and beets. In both cases the barley does not seem to 
make as hard flesh and fat as the corn or wheat. Judged 
by the weights on the market, the wheat and_ beets 
have made almost double the gain in live weight of the 
barley and bects. 


Relative Consumption of Hay and Grain:—When the 
steers were eating hay alone they ate 34 pounds of hay 
per day per head. When grain was added to their 
FaciOns, “they atewless of the hay. "| Poem: January costo 
April 6, while eating on the average nine pounds of grain, 
theyxate 25° pounds! of hay’ “Ar pound. ot srain’ jhas 
nearly as much feeding value as two pounds of hay; 
but instead of the hay eaten falling off two pounds for 
each pound of grain eaten, it does not decrease even 
so much as the weight of the grain. It is evident 
that when given grain the steers consume each day 
more actual nourishment than when on hay alone, and 
to this extra feed is probably: due much of the extra. 
growth made at this time. | 


Shrinkage in Shipping:—The steers were weighed at 
Fort Collins about five o'clock the afternoon of April 6 
and at once shipped ’to Denver, reaching there’ the 
motning of April 7. .They were watered and givema 
little time to eat hay before selling. They were con- 
signed to Clay, Robinson & Company, and by them sold 
to the Colorado Packing Company, the same firm that 
had bought our steers a year ago. [he price obtained 
was $3.625 per hundred pounds, being the highest price 
paid in the Denver market for steers during the season 
of 1895-96. Through the courtesy of these gentlemen, we 
were able to get the individual weights of the animals 
and judge of the amount of shrinkage that resulted from 
different methods of feeding. The water was shut off 
from the pens at noon of the day the steers were ship- 
ped, hence their farm weight represented them not at 
their fullest. 

Upon being weighed in Denver the steers that had 


received corn weighed eight pounds per head move than 
at Fort Collins. The steers fed on wheat and beets 


shrunk 27 pounds; on barley Sloe hei: 
barley and beets 66 pounds. The average oO 
pounds per head. This is considerably ieee it 
_ steers shrunk that were fed during Le 95) the gee 


fed the past season. : 

It will be noticed that the steers fed bete shrv 
more than those receiving nothing but grain; and t. 
the steers eating barley shrunk more than those gettin 
corn and wheat. 


W. W, COOKE a 
. ; Agriculturist. 
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ALFALFA. 
WILLIAM P, HEADDREN, A. M., Pu. D. 


No one can feel the incompleteness of the work pre- 
sented in this bulletin more keenly than the writer, or re-. 


gret it more than he does. The original: purpose was tome 


make a somewhat extended investigation of the effects of 


alfalfa growing upon different soils, particularly upon such — 


as had been sown to wheat for a number of successive 
years until the yield had fallen to an unremunerative point. — 
The results presented are confessedly those of work pre- 
liminary to the study proper, but we deem them of sufficient 
interest to justify their issuance in this bulletin, as they in- | 
clude the composition of the plant at different stages of de-— 


velopment for each of the three cuttings—the usual num- 


ber in this locality—together with the amount and compo- 


sition of the ash of the whole plant above ground at differ- 


ent degrees of maturity, and also of the separate parts of the 
plant from the roots to the seed inclusive. 

In two instances the soils have been analyzed, and in 
one the ground water also. This is the approachment made 


to the original object of the bulletin. x 
DESCRIPTION AND HISPORY 


The history of this plant has been outline: in ;::evious 
bulletins published by this and other statio The 


following is taken mainly from Miller's Gardener's Diction- 
ary: Phe root of the cultivated’ Medick, or Luccrng is pr 
ennial, with annual stalks one’ and one-half to two feét a: 


éven almost three feet in height in good ground. The com- 
mon color of the flower is a fine violet purple, but pale blue 
and variegated flowers are mentioned as arising accident- 
ally from seeds. Villars affirms that the flowers are white— 
seldom greenish. Its native place is variously given, it be- 


land about 1650, but it was entirely neglected for many 


ing assigned to Spain and France, the Palatinate, and o 
portions of Europe. He adds: It may possibly have bee a 
originally a native of Europe, continuing to be disregarded . 

until it was imported into Greece from the East after Dariu 
had discovered it in Media, whence its name. It has been 
culivated “time immemorial” in the southern countries of 
Europe, and French Lucern seed was imported into Eng- 


years, and in 1765 the fact that a farmer in Kent had four-as 
teen acres of it was a matter worthy of mention. Lucern, ~ 
he continues, has been greatly celebrated for increasing the 
milk of kine, but Haller, who certainly knew it well, asserts 
that cattle are apt to grow tired of it and that they are sub- 
ject to be blown by it. : Bak 
The culture of this plant by the Greeks is mentioned in 
their literature for about four and a half centuries, from the _ 
time of Theophrastus, 381 B. C., to that of Dioscorides, ~ 
in the first century of the Christian era,and, by the Roman — 
writers through a period of about two and a half centuries 
from.the time of: Virgil, ‘to =that. of, Pailadiis,: atv tej 
end of the second century, A. D. If the Persians, under 
Darius, introduced the Medick into Greece from Media, — 
it would fix its date of introduction at about 490 B.C. [I — 
have not found any date given for its introduction into the _ 
Roman provinces. Its culture in Italy, however, has not _ 
been continuous down to the present time. Matthioli, writ- — 
ing in 1558, states that he had never seen it growing (in 
Italy), but adds: “It is related that it is abundantly culti- — 
vated in Spain where it is known by the Arabic name, Al- 
falfa.’ This name came with the Spaniards to this conti- 
nent and has been borrowed by us directly from the Chil- 
ians, who, according to Prof. Hilgard, introduced it into Cal- 
ifornia in the early fifties (1854). It was first introduced 
into this State in 1862 ,the seed being imported from Cali- 
fornia, which continued to be the source of our seed supply 


for several years. It has since been introduced into the con- 
tiguous states and territories. 


CULTURE. 

The Kansas State Board of Agriculture published,in 1894 
a report devoted to Alfalfa, or Lucern, being for the most. 
ae t answers given to a series of questions sent out by the 
Secretary of the Board, by various alfalfa growers in Cali- 


fornia, Colorado, Wyomi i 

: , Wyoming “ 

ee Ne ae Nore Utah, Washington, Oregon, 
fona, NEw Mexico, Nebraska and Kansas. arranged by ae 

states and cout,tes. The results given? vi Ou 2 

cc ik Wes, 1e results given’have, without doubt, 

been arrived at independently in the various regions and 


—— 5 eee 

_ probably without any knowledge of the experience and ob- 
servations of European growers. The accordance between 
them and those recorded in this report is remarkable, and 
goes far to show that the general methods of culture in 
vogue now have been practiced in all essential features for 
centuries, and are probably the best admitting of general 
application. 

The variations in culture methods are slight, though the 
accounts given embrace a large variety of soils and climate, 
and the plant is claimed to meet the requirements of an ex- 
cellent forage plant under all of them, indicating its adapta- 
bility to very varied conditions. The most trying and most 
fatal conditions to this plant are cold, wet winters and 
poorly drained or water-logged soils. It has long been ob- 
served that stagnant water has a very injurious effect upon 
this plant, destroying its roots, an observation that Colora- 
doans have many opportunities of repeating. The writer 
has seen plants with roots entirely destroyed to within a few 
inches of the crown, though still producing-some growth, 
and others killed by soils being filled up with irrigation or 
perhaps seepage water. In the case here referred to the soil 
was strongly impregnated with alkali; these salts contributed 


to the effect produced,but I think that the plants would have ~~ 


simply drowned out had there been no alkali. There are 
many instances of this to be observed throughout the irri- 
gated portions of the state where depressions in the surface 
become partially filled with water. The principal points — 
given for its culture are, a well prepared seed bed, “fresh 

and plump” seed to be covered from “very lightly” to_ 
“three inches deep,” according to different observers, and 

varying with the climate and soil. In California and Colo- 

rado, and generally in the West, the customary practice is 

to drill in the seed with a protective crop. I have neither 

seen nor learned of drill culture being practiced except on 

a small scale. 


In regard to the seed, some assert that two years ok 
seed is scarcely worth the sowing, and others are quite rad- 
ical in their statements as to the value of shrunken 
shrivelled seed. The writer will give his reasviss for refus 
ing to accept either of these statements under the subject 
of Seed.” jIt may not bea general practice for our’tarr 


ers to sell their first-class seed and use the scicenings for 
their own sowing, but it is certainly not an uncommon prac- 
tice among them, and the results are satisfactory. It is even 
claimed by some that no difference can be seen in the re- 
sults, the screenings producing just as good a stand of 
healthy plants as the first-class seed. The meaning of the 


ear 


persons making this claim is so evident, that 


that the vitality of the alfalfa seed is at best small and that 
the shrivelled seed produce puny plants which are even less": 


‘more, perhaps, than it would have in the East, and is by no 


much force to the recommendation, but too much stress _ 
ought not to be placed upon it. 


A 
cra 


there is 1 
need of any explanation, still it may be stated that they d 
not claim that there will be more or less plants to the acre, 
but plainly that the stand will be sufficient to produce as © 
large acrop in the one case as in the other. Some claim 


likely to survive the first summer than plants from plump a 
seed of which, in ordinary field culture, very many perish. 

Much stress is laid by some writers upon the necessity _ i 
of growing the plants ina deeply prepared bed and rather _ 
abundant water supply during the first year, in order that — 
they may establish themselves thoroughly, i.e., send their 
tap roots down deep into the soil. This suggestion has — 
much force as applied to the conditions obtaining here, 


means equally applicable to all of our lands. The root sys- 
tem of the alfalfa plant is greatly modified by the soil in 
which it grows. The so-called first bottom lands of our val- _ 
leys do not favor the development of as long a root system — 
as the higher grounds do. I have recently had occasion to 
study some plants which, though they were producing vig- 
orous tops, could scarcely be said to have a tap root; forin 
no case, did it exceed eighteen inches in length. Had I 
never seen other alfalfa roots 1 would haveconsidered them 
typical, for they were bright, without apparent deformity, 


and healthy. There was nothing about the plants or roots 


to indicate anything abnormal. The long tap roots are not — 
always present and the old method of transplanting, as well 
as the continuance of gopher-eaten plants in some soils, 
fairly raise the question as to their necessity under all con- 
ditions. As stated above, the conditions of soil and climate 
prevailing here give strong justification for the practice and 


_ The history of fields of transplanted lucern is interest- 
ing in this connection. The practice of transplanting was 
at one time commended by some European agriculturists. 
The procedure and culture were briefly as follows: The 
plants were grown in seed beds in drills, were taken up in 
August or September, when the plants had attained a length 
of! cignteen inches, the tap root was cut off eight, nine, or ten 
inches below the crown, the stalks about five inches above it 
and they were then set six inches apart in rows, 
with two feet between the rows. This was subse- 
quently found to be too. thick. The plantation was 
cultivated by horse power: its duration and yield were 
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claimed to be greater than an equal area sown broadcast. 
The character of the hay produced by the two methods, es- 
pecially as to its coarseness and the readiness with which it 
was eaten by sheep, horned cattle, and horses, did not es- 
cape observation and comment. Such a method is clearly 
not to be considered, but they cut the tap root off eight, 
nine, or ten inches below the crown of the plant, and some 
asserted that six or seven inches below the crown would be 
even better. They cut three crops of hay in England and 
obtained large yields. When they harvested acrop of seed 
they obtained only one crop of hay and considered the seed 
crop as injurious to the roots as four cuttings. In Italy from 
four to six cuttings were made; in Catalonia as many as _ 

seven, frequent irrigation being necessary to obtain so many 
cuttings. The hay from broadcast alfalfa is finer and softer 
than from drilled. The yield of hay is put at more than 
four tons. Such are some of the statements made of the 
practice and results obtained. The life of the plant grown 
without transplanting is variously estimated at from two to 
fifty years. The former is evidently too low and the latter 
is exceptional. Columella gives it at from ten to twelve © 
years, which is more consonant with general observation. 
Miller observes that, when alfalfa is cultivated and assisted 
by manure, he has not observed it to decline at any age, 
but sown broadcast, it declines and even wears out very 
fast after seven or eight years. From the various state- 
ments it is evident that, under some conditions, the tap root — 
is not necessary to the continued healthy growing of alfalfa. 
The susceptibility of the plant to culture and its require- 
ment for water applied to the surface, its prompt response 
to the application of fertilizers, and its deportment when 
transplanted, suggests that we attribute more importance to 
the tap root than it deserves. Mr. Mills, of the Utah Ex- | 
periment Station, speaking of the amount of water required 
by alfalfa and the part the tap root performs in supplying it, 
says: ‘Though the roots go deep and probably lift water 
from below, this water is not furnished rapidly enough to 
supply the rank growing alfalfa. The only real advantage 
derived from the long roots seems to be that enough water 
is thereby supplied to keep the plants from perishing dur- 
ing seasons of dry weather.” The complaint that alfalfa 
plants are difficult to exterminate by plowing them up, is 
very common, and Tull is quoted as having ‘seen alfalfa 
plants mangled by the plow for twenty-two successive years 
and still flourishing, There will be some further similarly 
suggestive facts found under the discussion of the roots. _ 

~~ It is generally recognized that alfalfa flourishes best in 


an open loamy soil, but its power to adapt itself to other 
soils is very evident. Its doing well in heavy clay and light 
sandy soils, but being less productive in the latter unless — 
well provided with plant food, attest that the plant is a» 
heavy feeder. The range of altitude through which it will 
flourish is also great; while its range is less than that of 
timothy, it still reaches quite 8,637 feet on this side of the ~ 
Rocky Mountains. I have seen a field of alfalfa inthe San 
Luis valley, said to be fourteen years old, with an elevation 
of 7,900 feet, in which the stand was quite good and the 
plants healthy. It has also been successfully grown above 
Telluride, in this State. 


VARIETAL DIFFERENCES. 


The characteristics of alfalfa, which commend it for gen- 
eral culture by the farmers of the west, do not exhaust its | 
points of interest to them. It is not constant in its specific — 
characteristics, as almost every one has observed, some of 
the plants differing in color, shape, and size of both stem 
and leaves, and often very greatly in hue and color of 
flowers. The variation in color and size of the leaves is 
often very noticeable, and the suggestion that proper selec- 
tionand careful propagation might result in establishing 
varieties with special merits for our climate and soilsisno 
doubt true. The deep-green, narrow-leaved, red-stemmed 
plants, mostly with deep violet purple flowers, present a 
very different growth and mature earlier than the 
lighter green, larger leaved, green-stemmed and, as a rule, 
lighter-flowered plants. It has not been the writer’s good 
fortune to have the opportunity of seeing many recognized 
varieties of alfalfa, but the few which I have seen differ less 
from one another, or certainly in no case more than many — 
individual plants do growing side by side in our alfalfa 
fields. We have not, as we desired to do, analyzed separ-- 
ate plants te learn whether they have a varying composi- 
tion. We have found it feasible only to take samples rep- 
resenting the plant as grown for hay. Among the analyses 
will be found, however, four samples of as many different 
varieties ; three from French seed and one from seed from 
Turkestan. The results of these samples do not bear out 
the suggestion made above in the measure that we might 
expect, but the differences between the three French varie- 
ties practically disappeared in our soils and climatic condi- 
tions. The same could not be said of the variety from 
ae was distinct in habit and very uniform, 
ele wane me of the hay differs but slightly 

he ‘Ts, the agreement between them being as 
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close as we would expect two different samples taken from 
different parts of the same field to be, there is an advantage 
in favor of this variety because of habit, growing erect with— 
leafy and numerous stems. As to earliness of maturity, 
there was but slight difference. I made no endeavor to 
study the relative draft made upon the soil by these varie- 
ties ; in other words, the ashes were not analyzed, and only 
one series of samples was taken and each sample analyzed 
in duplicate. This is clearly too limited an investigation on 
which to base other than tentative conclusions, since the 
composition is so near to the average for alfalfa hay made 
from plants in the same degree of maturity. It is very 
probably true, that, so far as these varieties are concerned, 
the only advantage of any one of them over the others is an 
advantage due to earliness of maturity, productiveness, or 
the ratio of stems to leaves, and not in its chemical compo- 
sition. There are, doubtlessly, other qualities entering in- 
to the alfalfa plant affecting its desirability for hay making, 
but which lie beyond our power to recognize, just as there 
is a very readily recognized difference between the differ- 
ent cuttings of alfalfa or between old and new hay. 

The samples used in the following analyses were taken 
at different stages of growth for the first and second cut- 
tings and partly so for the third cutting. We cannot give 
the treatment of every sample in detail without repeating 
to a wearisome extent. The general method was to select 
and cut by hand the samples to be prepared. A quantity 
was weighed off, cut up without loss, placed in a sack, and 
exposed to the wind and sun until it came to a constant 
weight. This process was very tedious for samples weigh- 
ing from five to ten pounds. The samples were then ground, 
bottled, and sealed. Duplicates were made of some sam- 
ples, one being dried as above, the other inthe hot air bath 
at a temperature not exceeding 100 degrees. The analyses 
showed no difference due to the manner of preparation. A 
higher temperature, however, is not safe; this was especially 
true with the roots, which showed by both their color and 
odor that at 110 degrees decomposition of some of their 
constituents had set in. A temperature ranging below 70 
degrees was found to answer well. 

The samples were taken to represent the plant without 
any bloom, beginning bloom, half bloom, full bloom, with 
seed formed and with mature seed. The plant has been 
further separated into roots, the outside or bark and in- 
terior portion, stems, leaves, flowers, and seed. “Two sam- 
ples were taken early in May before any blossom buds ap- 
peared, for the determination of crude fiber, to ascertain 


how great the relative increase of t 
plant matures. Former analyses mad 
made it enormous. Mpa seu Sie Str 

The ashes of the principal samples have been a 
to aid in forming some clear notion of the amount 
- food, other than nitrogen, required to produce a crop o 
alfalfa hay. We have no theory concerning the benefit o 
alfalfa growing to wheat exhausted soils, but simply see! 
the facts and their explanation to which, as before sta 
this bulletin is simply a contribution. ~ NN eben ae 
ay PROTEIDS.: ©, ee 

The fodder analyses of the first cutting give the follow- 
ing results for the amount of proteids, dates of collection 
being omitted except in the first instance. This sample wa: 
~ secured May sth; plant 21 inches high; no blossoms; bud 
not visible ; stem red; leaves small, dark green; air dried mat- 
ter (hay) 27.53 per cent.; moisture, 72.74 per cent. Another 

_ plant with green stem, broader leaves of light green color 
and equally immature as the preceding gave 28.21 per c 
hay and 74.79 per cent. water.- The proteids in the above 
samples were respectively 19.95 per cent. and 21.79 per ce 

Proteids in first cutting alfalfa hay:— 


4 


Per cent. 
1. Plants green, (average of preceding) , . 20.87 
oo mreen, DUE Nakina bLoOma ne sek 15.60 
see. Beginning £oVb OOM terior amen 14.30 
Weep aihalt bloom vrs NSEGs kay ce Aa 
Rens. dan full blade. peen ae eee sie any ae 14.08 
Gee instull bloomyci Sa eee ee eon en ao 
Fok wast past full blaomies aaee cp es 12.30. 
Siw s. an fall seed.2).0 3. bhai ak erry 12.16 
Averages, 70s) SSS Nea Be rer eR 14.85 
Proteids in second cutting alfalfa hay:— iii Med 
‘ Per cent. 
md) Blants not yet,in bloom) sieve geod 16.40 
2.“ just coming in bloom...... Cee IS Age 
gio) cin half bloom, |. 00 ae Peay 16.11 
Ase. Kins to 34. bloohaa yee ee ene 13.03 
Soe in fall-bloomi... ee eee i oats 
Osc oa “ali rrpeys Ge Np ae TR as a ae 12.50 
72 Ap Half ripe... . 35a eee as 
AVEPAge | io ee nn ee 14.43 i 
| Proteids in third cutting alfalfa hay:— s ee 
1, Hay, College ‘Farm: .. tute. pun a Be 
| 2..." | Rocky Ford Station j..sian eee 13.57 


Average... 7 ihscs, ie 13.05 


i 
a i 


The sample feat the re Ford Station was unusu- 
ally leafy, while that from the College Farm was taken 
from the cock and was average hay. “ae 

The following are samples from the Farm Department 


all of which were prepared by Prof. W. W. Cooke: 


Proteids in first cutting alfalfa hay:— 


Per cent. 
I Hay Eee AR nh el AMM eco gel aR TE W772 
5 Sioa IR cr coon) CE Paar en E U ee A 17.08 
Ba Een ICI RO cic igo ala Mic eee ee a T2505 


Numbers 1 and 2 represented individual plants cut May 


28th, just before the field was mown. Number 3 is hay from 
the same field, cut on the 28th, but was damaged by rain. 


_ Proteids in second cutting alfalfa hay:— 


Per cent. 
DORAN Yara ide ra men tote te: eee a NL aN ae 12.05 
OFS, Rae Saree na E A CAC Ro ICE n NSS ADU aain Reena DC ey at (MTN 12.29 
2, Plants just showing bloom.. Sine Soc. 
Ee pee SARCOMAS. Cuatro Auli an SN 16.26 


The samples of hay, Nos. r'and 2, were cut from the 
same roots as Nos. 1 and 2 of the first cutting. 


Proteids in third cutting alfalfa hay:— 


Per cent 

7d 5 VB ina sais A ENG eee Shei sed ae EN ae 15.83 
2a SB ae pet a al a a RO ye age a A a ea tieies eal 12.61 
GIS SERS Bb REWER: Scot tK otk yi UAT ra Up 12.57 


Pouation of plants at time of cutting not given. 


The average percentage of protein found in our sam- 
ples for the first cutting, including all the different stages of 
development, is 14.85, but excluding samples cut May 5th, 


- it is 13.98; for the second cutting, 14.43; and for the third, 


(this is based on too small a number of samples) 13.05. The 
farm samples show the same relative values for the respect- 
ive cuttings, though the samples are fewer in number. | For 
the first cutting, 14.92 per cent., for the second, 13.99 per 
cent., and for the third, 13.47 per cent. Perhaps analysis No. 
3—first cutting——ot the farm samples, ought not be included 
in the averages, because it was not gathered into the mow 
for fifteen days after it was cut, during which time it had 
been exposed to several rains. 

As this isthe only sample of alfalfa hay damaged by 
rains that we have analyzed, we will make mention of it in 
this place. The average of the analyses made of samples 
taken from the same field and cut the same day, but dried 
inan air bath, showsthe composition of the prime water- 


_free hay to be:— 
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Crude Piberie.) ne anit bs aaa Sealants 


Crude: Fat vs 2.5 Pmsc 2h ee eas ceeteees 3-94 
Crude Proteins. 652i Se OL ie ere ate 18.71 
Nitrogen free extract ’..3.) 02, eae 38.71 
100.00 

The sample of damaged hay gives :— eeara eo 
IN SH a ce ee Oe Re eee Loan 
Crude Fiber | eee eae nae 38.83 
Grudé* Fatt. OU) 2 IE Se eee 32.81 
Grude: ‘Proteta 722% Wiaed e  etcee T1.01 
Nitrogen tree, extracts V4) \.2 nee 33.04 
100.00 


The total rainfall between May 28th and June 12th, the 
respective dates of cutting and of putting into the mow, ~ 


was 1.76 inches. The weather during this time was cloudy 


and the temperature ranged from 72 to 81 degrees. — 


1 


Any calculations based upon the above, without further — 
data, would evidently be liable to lead to erroneous conclu- 
sions, but it suffices to show that the popular estimate of the 
value of such hay is not far from correct, i. e., about one- 
half that of good hay. The damage is not simply the 
amounts of proteids and nitrogen free extract (carbohy- 
drates) lost, but also the loss of those general qualities rec- 
ognized as essential to good hay. The mechanical loss in 
such cases is very large. We undertook to determine by 
direct experiment the total loss by the solvent action of 
water, fermentation, and handling, but it became evident 
that the results would indicate nothing of general value 
because there was no limit at which we would have to stop 
and no criterion by which we could judge when our experi- 
ment had become comparable with the average article (if 
there be such) of damaged hay. This sample gives usa 
somewhat definite measure of the sensitiveness of this hay 
to rainand exposure. The rain fell in three portions: the 
first fall amounted to .31 inch; the second 1.49 inches; and 
the third .27 inch, with intervals of two days or more. The 
weather was cloudy and warm. The mechanical loss of 
leaves and stems would tend to change the composition of 
the hay in the direction indicated by the analyses, but for 
good reasons, we do not consider this to enter largely into 
this particular case; but attribute the changes in the compo- 


sition of the hay to the actionof the moisture and heat. 


eer. 


Judging by the amounts of -proteids in the three differ- 
ent cuttings, the first and second cuttings stand very close 
to each other in value with the difference in favor of the_ 
first cutting. Inthe farm samples, leaving out the damaged 
sample, the first cutting is materially the best of the three. 
I would here remind the feeder, who prefers the second or 
even the third crop for certain feeding, that the amount of 
proteids present is not the only measure of good hay. Not 
only isthe quantity of proteids greater in the first cutting, 
but the yield is also greater and the haycut just at the be- 

-ginning of bloom is richer in this constituent than when cut 
later. From beginning bloom to half bloom the amount of 
proteids seems to be nearly stationary and the crop is also 
probably at its maximum. There are no figures accessible 
‘to me on this point, but it is in keeping with my observa- 
tions. If the plant continues to store up organic matter 
after this period is past, I am inclined to think that the loss 
by the dropping of leaves, due to the maturing of the plant 
and the action of the fungus common on our alfalfa, more 
than compensates for the gain. While I am inclined to 
think that the farm samples are exceptional in their quality, 
they contirm the results obtained on the laboratory samples 
and make the first cutting very decidedly richer than the 
second. The development of the plants is not given, but 
as the date of cutting was May 28th and it was intended to 
cut the field four times, it was probably just before bloom, 
in which case the apparent excessive richness in proteids is 
largely and probably wholly accounted for. If the very 
early cutting be rejected from my series,and I think this 
should be done for no one would cut the crop so immature, 
it changes the results in favor of the second cutting. 


CRUDE FIBER. 


It has been stated by others that this portion of the 
plant increases materially with age. Our results indicate 
the same, but not to the extent claimed ina former bulle- 
tin issued by my predecessor, wherein he showed it to in- 
crease from 12.88 per cent.in hay, cut when the plant was 
beginning to bud, to 20.23 per cent.in hay made from al- 
falfa with fully ripened seed. (Bulletin No. 8, of this Sta- 
tion, page 11, analyses Nos. 1 and 4.) The method of de- 
termination is given as that adopted by the Association of 
Official Agricultural Chemists, convention of 1888. What- 
ever influence of the greater or less succulency of the plant 
may have upon the amount of crude fiber in the dry matter, 
it cannot in this case be appealed to to account for the low 

percentage of fiber, for the percentage of dry matter in the 
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plant is given in some cases even higher than any which we 
have found. In Bulletin No 8, it is given as ranging from 22 to — 
50 per cent. of the green weight. In two samples cut on May © 
sth, we found the dry matter to be 25.2 per cent. and 27.53 
per cent., and the crude fiber to be 22.56 per cent. and 29.79 _ 
per cent. respectively. These samples were taken from two. | 
separate and ee unlike plants, grown without cultivation 
or irrigation. The average of these two, 26.18 per cent., 1s 

near the truth for alfalfa hay cut before flowering. Differ- 
ences in cultivation, and varieties may make a difference of. s 
a few per cent. 
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Laboratory Samples. . f 
Crude fiber in first cutting alfalfa hay:— ay 
Per cent. os 
t:.Pldnts quite young (average yi) hed .4 26.18 Rey ehe 
Be ie MS aay TN tee els eee eae 35) 7 A ie 
BP VET DUES aise BON Bate cles Sete 37.39 ad 
gop enchalf ibplooamy heey ome 30.54 ee 
Be 4 Sa POT Go gne a eee Uber ie Nae 40.18 a? 
Baie ots. fal al omnes Sensi Gener ate 32.48 i 
Per tts “et past tl PlOOMP Mame oe 36.19 a 
Wee et gan Pal Seed eh ate pea en So MOmee mM 
PAVE TATE | Oo id Fae iy tell nea ea 36.28 


Samples numbered 5 and 6 were collected in different — 
localities. No.5 from heavy first bottom land; the growth ~ 
was very rank, many of the stems were upwards of five 
feet in height; and the average diameter of one hundred 
stems, taken large and small as they grew, was nearly one- 
fifth of an inch—.19. The lower portion of such stems was 
woody and devoid of leaves. The stems in numbers 3and 4 
(100 from each sample), were also measured and were only 
a trifle smaller, having an average diameter of .17 of an 
inch. The sample on which analysis numbered 6 was made 
grew ona sandy loam, without irrigation. The plants had an 
average height of three and a quarter feet; and were very 
leafy, probably more so than the average. 

_ The following are also laboratory samples of first cut- 
ting hay, but made from supposedly distinct varieties, grown 
ona rich loam, in drills, with irrigation: 


Crude fiber in first cutting alfalfa hay -— 


‘ Per cent, 
9. Plants'in full bloom: 6) ) ise 36.39 
TO. Sine it full bloom’ sy ee 32.74— 
tr Sin tull bloom o:.o8 yee ee 35.51 
r2. 3". an full’ bloeim 3). ae 31.96 
Average. 05.2) 8. o ee ee 34.15 


of the average percentage of crude fiber of first cutting 


ae 


Ree cy 


The average of which is 34.15 per cent., while that of. 


Nos. 5 and 6 is 36.33 per cent., which is probably the range 


alfalfa hay cut when the plant is in full bloom; while the 
average percentage of the samples taken before blooming, 
including those taken as early as May sth, is 32.91 per cent., 
the lowest being 22.56 per cent. and the highest 37.39 per cent., 
the difference being due to development of the plant and 


to the differences of conditions under which they were 


grown, particularly of soil and irrigation. 


Crude fiber in second cutting alfalfa hay:— 


Per cent. 
POP TANTS BOD IM OlOO MN. dia. cals See eee 28.66 
Sea eM TA. DIO OM Nh). Rate oe Ue 32.46 
BI CK SER ARE COLO Tc ig oor ure a Reanhioioe oan 27.30 
Be Sedde RAE? DIOOIN oot eee ae 37.24 
Ree UE SU OTOOEN «ete eh Kaas ol a 38.06 
*OIh a | OPASLE TUM LOOM Cai st ipa Oe 31.10 
PVERADE Ae hme ee hy Oso ee een 34.15 
Crude fiber in third cutting alfalfa hay:— 
Per cent. 
Pcltay, Colege farms ii. et. Cais ia aa, 20038 
Boe uN ROC l OE SEATON Lo. iia 5 neste 34.67 
sis RU Ce GIT) DNNA WADT NNT aI) a) UR Reet Sopa hae A 37.01 
Farm Samples. 
Crude fiber in first cutting alfalfa hay :— 
Per Cent. 
Peat Les OUSLY DO Motes e eA dnitran qos aimee 24.54 
Pa ies GA AES Sect SAC RENNER Seam PORCH Ng ‘24.68 
ONC aa pales. args Mis A cee EA hae shay 35.09 
TESS dose Ve-d cage MLN Mar ag RiP NOOO 28.10 
Crude fiber in second cutting alfalfa hay:— 
Per cent. 
i. baken. 25 days-atter first’cutting 341.4. 26.16 
2. Taken 35 days after first cutting....... 29.07 
3. Taken about 48 days after Ist cutting... . 34.59 
4. Taken about 48 (?) days “ AN 38.08 
PNWEREES Veet ine Ona is ho eos gies we BAEee 


*This sample was obtained from the farm of ‘Charles Evans, northeast of Fort Collins. The 


Jand is high and under irrigation. The alfalfa was average in growth. Its age is not known to us, 


**This sample was damaged by rain. 


wt 
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oe eee 
Crude fiber in third cutting alfalfa hay:— 


. Per cent. 4 4 
vig a eh AM aber GME peste 3 4 ete tieeee . 28.89 che 
Be seg oir tente Cae MEO ay Pe Sie Roy x80 3 
ei ntech ak piiawig 2.8 whole ie ete a eee eee inisia aipiens 34.91 

AVEPA LE oc ORG tie <aeteiest eeae ne sae RGR 33670 


As already remarked, the results, especially of the lab- 
oratory samples for the first and second cuttings, show an 


‘increase in the crude fiber as the plant matures, but there is | | 
a considerable variation in the samples, with a few apparent — 


contradictions, which is to be explained by differences un- | 
der which the samples were grown and taken. The deter- 
minations were made in duplicate, and sometimesin tripli- 
cate, or until we were satisfied that the difference in the re- 
sults was in the sample and not in the analyst's work. ~ 
From the beginning of bloom to half bloom, the increase is | 
not very rapid and the averages obtained for the hays of 
different cuttings are nearly equal, at least not so far apart 
as public judgment assumes; for the first, 35.21 per cent.; 
for the second, 34.15 per cent. (laboratory sample), 34.47 
per cent. (farm sample); and for the third cutting, 37.01 per 
cent. ; 33.70 per cent., three samples of hay from the farm 
department. 
FAT OR ETHER EXTRACT. 


_ We find in our laboratory samples a considerable varia- 
tion in the amount of fat. If the differences be expressed 
in terms of the total fat found, they are large; but if in per — 
cent. of the sample, they are constant. In twenty samples 
of alfalfa hay, but one yielded as much as 2 per cent. 
or more of fat soluble in ether, and only one below 1.1 
per cent., with the average equal to 1.539 per cent. Inthe 
case of the farm samples, though our results on the dupli- 
cates were satisfactory, there is no concordance when the 
series of samples is taken as a whole, one sample falling as 
low as .86 per cent., and another in the same sub-series giv- 
ing 2.76 per cent.; and still another 4.20 per cent. We have 
been unable to discover any reason for such variations in the ~ 
farm series itself and quite as unable to find out why the 
two series should be so different. If we neglect the sam- 
ples of first cutting hay inthe farm series and take the 
samples representing the second and third cuttings, the 
average for the fat is, 1.641 per cent.; while the average fat 
content of the twenty laboratory samples is, 1.539 per cent., 
with most of them quite close to the average. 

AEE hei pas cali sample in full seed is, 

y, too low (1.03 per cent.) for the reason that any 


ei) 


i ap Vee 17 peer 

seed which was in the hay was not crushed inthe grinding 
of the sample and would yield so good as none of. its fat in 
the sixteen hours’ treatment with ether. We subsequently 
established this fact by direct experiment with whole un- 
hulled seed. With this one exception, if it is an excep- 
tion, there is no clearly indicated difference in the amount 
of crude fat present atthe different stages of develop- 
ment examined in this study. ‘ 

NITROGEN FREE EXTRACT. 


The substances embraced under this name, having 
heretofore been determined by the difference between the 
sum of the proteids, crude fiber, fat,ash and moisture, and 
one hundred, will vary inversely as and quite nearly with © 
the substance present inthe largest quantity, which is the _ 
crude fiber. By this we mean that, if the crude fiber is 
high, the nitrogen free extract, which includes sugar 
starch; etc., called carbohydrates, will, as a rule, be lower 
than in another sample having less crude fiber. If the di- 
rect determinations have been made with care, the nitro- 
gen free extract determination will be quite’ accurate 
enough for all purposes. 

Laboratory Samples. 


Nitrogen free extract in first cutting alfalfa hay:— 


Per cent. 

Pm ianits NOt I DIOGO MI oii sn ee 29.79. 
as ie eHOL (ULLe/ IT DLIOOMs fel Nie aan 32.91 
ey AUREL EE sD LOOTIYS ste apt Eins oe Se 32.50 
4. Un DOOM 2c jet een Se ue cel eee 27 95 
5. PA EM NA DIOO I ei eae eR Deg 37.04 
6. preuhele DOG se ndcs 2 cys os hb. a eee 30.59 

a Pe UEC LOGIN G siaiewts tie there ee ee ae 33.24. 4 
8. pet Y BLOOM LN se eh onri ee oh ere 22501 
Q. meal LA DLOOME UHM AL tlre Laetoli at 31.41 
10. Mimeyist: pasty tui loom J. vey 30.41 
IL: evi GEITY F SECs uk insns lee tiie giles ae 29.22 
JAN AGS ee oa SOR AGEN AEC Seer EIN pa Oren LN ean 31.69 

Nitrogen free extract in second cutting alfalfa hay:— 

Per cent. 
Te lants NOt im DIGG Meck ie eisai ee 36.49 
ey Tou COMMNMAPUMD LOO Mig cic 8 8 wee, Cees 
Bi Amica Ol OO ta eer: J cin iy uae tions AS 2.320 
At Mad Ge OTR ea he iit eee at otic: 28.90 
eu TEP MU IIe re oe Nad ol 3202 
6. PP MMLC IDIOO Mies." ace oe ees 30.45 
a Ree PASE DIO OM) 5 il). cs joey os eis 38.13 
TER 2) 8 a OD At RRS ae RE 3As29 


ie top 


Nitrogen free extract in third cutting alfalfa hay :— 


Per cent. 

1; Flay, College Farm... ... 22 yscaimees 31.35 
2: “> Rocky Kord Stattomscn eee 34.09 
Average ose Si ee 32.72 


It ought to be mentioned, perhaps, that these samples 
care from. different places, some grown with and others 
without irrigation on different soils. With the exception 
-of analysis No. 4, first cutting, the results indicate that 
the nitrogen free extract is greatest at or about full bloom. 


Farm Samples. 


Nitrogen free extract in first cutting alfalfa hay :— : 
Per cent. 
n,  Flay,.cut May 28. io) tei eee 35.67 
Dap LPR MMT EA SEAR) Sl gh AE, 36.42 
Za damaged by rainy... 2175 tee: BOO 
Average... ie vice ke rarest ec re Paes 3A.35 oe 
Nitrogen free extract in second cutting alfalfa hay =—_ 
Per cent. eh 4 
i Cut 35(days after 1st-omttime-s see CAG i) re 
Nes . Fs of cap Phen pa) 5 21.11 Gate 
3. “ about 48 (?) days after 1st cutting.37.84 © 
Bei NG Gigi ae 
PNET Ae iol. LS ARN one aia eee eh mee 24.04 
Nitrogen free extract in third cutting alfalfa hay :— 
Per cent. 
Tee ued A Vos Sy Ss. ooh AAR ee ee 36.78 
2 Beg le vac bv note peacock Oa aa ee cae 34.81 
2 “ice ible 5, RAR cine Sag! cue ocean ae ee eee 35.84 
PAVERAG Es |. !s i> panda eee eee oe ee 34.74 


The moisture in our samples of air dried hay ranges 
from 4 per cent. to nearly 9 per cent.,with an average of 6.21 
per cent., for the first; 5.94 per cent., for the second and 5.93 
percent.for the third cutting;while the average for all three 
is 6.03 per cent. Such hay takes on moisture readily. While ~ 
preparing our first cutting samples, we hada spell of damp 
weather lasting from July 3d to 6th, during which some sam- 
ples gained as much as 5.70 per cent. The smaller samples 
gained more proportionately than the larger ones because 
there was relatively more surface exposed. 

rhe moisture in the farm samples is higher than in the 
laboratory samples. This is noticeably the case with the 


second cutting ; the results are, for the first cutting, 7.59 
per cent.; for the second, 8.05 per cent.; and for the third, 
5.63 per cent. The average of the three i is? 7.09 per cent. , from 
which we may judge that the moisture in alfalfa hay, under 


average Colorado conditions, is not a from 6.52 per cent. 


and not above 7.09 per cent. 
ASH OR MINERAL CONSTITUENTS. 


This component in alfalfa hay has some importance in 
general feeding, but very much more for the purpose of 
this bulletin as a measure of the draft made upon the plant 
food in the soil, both asto kind and quantity. I have not 
considered the physiological function of the constituents of 
the ash to be of such importance as to require any attempt 
to determine for instance the amount of phosphoric acid 
existing as such in the hay as fed, but have simply deter- 
mined the amount of this acid in the ash, as prepared ; 
though it is almost certain that some of the phosphorus 


determined in the ash as phosphoric acid does not exist as. 


such in the plant. Thesame can be said of sulphur. The 
total amount of this in the plant has been determined in 
several instances ; not, however, with the purpose of deter- 
mining the portion present as sulphuric acid and that pres- 
ent in other forms, but simply to get the total sulphur in 
the form of sulphuric acid. 

The amount of ash in alfalfa hay varies with different 


plants; different soils, etc. We do not speak here of the 


variation in the amounts of the different constituents, but 
simply of the total ash present. 


ASH IN ALFALFA HAY. 
Laboratory Samples. 
First cutting :— 


Per cent. 

I. Plants quite young, (cut. May 5) ...4..% 10.64 

on quite young, (cut Bide 5) AS Lae 12.16 

Bi oe rnot in blooms. fs. x iee (Ne DOOM. 

4. Epenotin- bloom y.0 ok es ae 9.14 

se Bee TU HALL DLOOI se ha! ee hy rie 9.30 

6. SSRN AT LE VO TA uae irdct te tne eee a 10.46 

7. Ce eet LIM LD EOOMPse cin dich ot eee. a 9.24 

8. ee ILD MLMDLOGE ar ie erectus: wee 9.94 

9. ee Va NG MAN OOM e, etait oe as 10.19 

10. emer MLC ENRON eee, wou aster soln ake 10.99 
a! FEAL EVN MBROUITV Su eb kiss oc as 11.34 
hi’, Seustmastetulh DOO) 5... fs os 9.93 
133 POI S 0G 1 | SY aly 3 Gut DO aa apr ee O77 


VERA OE a ek Ve ode eS. 610,03 


4 4 7 ; ‘ 5 


tyne ae 


4 pSecond-cutting <=: 


ee Plants not in’ bloom. sce 
to o>) coming mto bloom: 
ae ay “in half bloom seats 
4. ein hadi DlO Omg alin meee eaten 
oe Cle tay Pal] Be) OG Ra Sar hy eee ee lanes iene 
6. te half ripe ch 2 ee te See ne 
ay 1 ALLE Pipe NS ei Rea ee 
Avetage tai 2G, oy aire ten atta aera 


Third cutting :— 


“toHay, College: Farm SHS OBO 
gw Rocky Ford Station an cic Mnr@nsam 


Average. tho i. sn Veta? tere ee 


The percentages given above are practically for fine 
pure ash, numbers 1 and 2, for the first cutting, being t 
only ones which ought to be designated as crude ash. The 
average percentage of ash for the first cutting, after re 
jecting the first and last two analyses, for no one would c 
either of these samples for hay unless compelled to, is 

per cent.; for the second cutting, 10.24 per cent.; and for t 
third cutting, 9.83 per cent. Gai PN 


farm. Samples... Sk ee 
First cutting :— Fer NK Wi Cn 
; Per cent. 

Sa st a Me oC ce Unit Aly Se ty Sb 10.97 


6 9) lope, eiite. epee ie: eple jeje \euipi eters elie, feliai all © Vali te hintislle. rs) 


damaged by rain...... ara estas Fah ! 
/ - Average . 


Second cutting :— . ; 
Per/centie eae 


1. Hay, cut 35 days after first cutting... .. 6:72), Sea 
2.“ cut 35 days after first cutting... ..10:31 . 
ji 3. cutabout 48 days after first cutting.11.26 

4.“ cut about 48 days after first cutting.10.63 


- Average 


Oe Oe NE 6 el to 8, eau ee ala ene an La ele 


Ne an SOS i Ue a ML Yi Yee SB CuM eS ye Kham, 8 
SO) © le be WR et een es 

PEA ASS elie mys. e “Be TeDLOhipt mn SA eh ay CURR. 
0 ey & ee SSL CNS es Nee, 


SiO. wpb ey os te C). el. mune mie: 
2 Be tee eos) Bue yee me nenen 


a EW UON Ke. Ty Se 


Sage ieee 


‘These percentages represent the pure ash, excepting 
the small amount of sand containedinthem. Theaverages 
for the respective cuttings are as follows: first cutting, 
WO «per cent:;: second ‘cutting, 10.48. per. cent.;  thifd 
cutting, 10.07 per cent.~ The average for the two series is, for 
the first cutting, 10.35 per cent.; for the second cutting, 10.28 
per cent.; and for the third cutting, 9.95 per cent. From 
which it appears that there is but little difference in the 
amount of mineral constituents removed by a ton of first, 
second and third cutting hay ; the lowest figures requiring 
199 pounds and the highest 205.6 pounds» While the per- 
centage of ash found is not correct, due to loss of some 
of the constituents of the ash, chlorine and sulphur, these 
numbers serve to show very clearly that a five ton crop, 
which is some times obtained, forms a heavy drain upon 


the mineral elements of plant food, amounting to not less 


than 871 pounds per acre, after deducting the carbonic 

acid in the ash, or 1,025 pounds if we do not make this 

deduction. 
WATER IN ALFALFA. 


The moisture given up by green alfalfa in becoming 
well cured air dry hay, is as follows : : 


Per cent. 
Me THAgts CU VEL Yy YOURS SsAacnl g aukl a kos 74.79 
2. Pte ye Fe Mae WN ae hie rr 72.74 
2 ON ed TS LOON i) eee eee isha. \70.90 
4. Set DROOL Ale Mewes wr ices et 72.05 
5. aM ATE ROOTIV Soumya ae imrale 73.06 
6. eae LOOM one Wee Cig ht ke, hea 73.61 
ys Ce EVEL CDT OOM: ite ieee ecuits ema ane 74.06 
8. Oe BLUM IN DLO age Liew Ot ne ude, tats HERO 
Q. PCO TO MED LOOMTs wee dee isk outioe TO? 
10. MuAH SLO OTs weteantun gs ye) rere 71.45 
ee ar FAL blOOM rant etae oct aon 74.39 
RAO OIE ol ai ONL RRR Rae rN ge Manat 73t4 
Second cutting :-— 
Per cent 
EEA ts TOC ME OOM Ma A Ns Ly shale FRM: 
B, PanCOMMNO MIADIeOI A. ct ae aS 
st BLAM mal bial esl \vofa: cal Me gam eaten 68.65 
A, PSSM ove D9 01X10) 19 Raa NOME Se Ra, Baath 70.40 
ce EAS GUNN LG IO eLey mare. 2 he MR cs seca 74.50 
AG. nue ular NO si eu Ue, OO sOn 
OSE RES CF On ems MER. 1 LRRD Me i OSE eID 71.08 


- * Not included in average. 


g ‘ . Bs. ee 

; — 22 — at SN Baie. 

As our analyses of the third cutting were made on hays, 
as prepared to put in the mow, we have no figures showing 
the amount of moisture lost in curing. as ea 

The average of the eleven samples of first cutting 1s 
73.14 per cent., which means that every 100 lbs. of alfalfa as 
it stands in the field will give 26.86 pounds of well cured hay 
for the first cutting. An examination of the preceding 
table shows that there is not so great a difference in the 
amount of moisture in the alfalfa at the different stages of 
its growth at which it is cut for hay, or even for soiling, as 
might be supposed. 

The average for the second cutting is some lower than 
for the first, but no very immature samples are included. 
The number of samples is also smaller, i.e., five samples 
with an average of 71.08 per cent. according to which each 
too pounds green crop gives 28.92 pounds of hay at second 
cutting. These results are much more uniform, and indi- 
cate less loss on account of moisture than those given by 
others. The average moisture in alfalfa hay, first cutting, 
is 6.03 per cent., the average of 13 samples, lowest, 3.77; 
highest, 8.87; for the second cutting, 5.94 per cent., the 
average of nine samples, lowest, 4.31; highest, 7.25. 
The average water content of green alfalfa, at time of first 
cutting, is 74.76 per cent., and at time of second cutting, 
72-00 (percent, 

Dr. Allen kindly furnished me with theresults recorded 
by Dietrich and Koenig as 76 per cent. at beginning bloom; 
also.76, per cent. at full bloom. + These are averages; 
the’ former ‘of’ results ‘ranging: from 972.2! to, 62: \ pen 
cent.; the latter of results ranging from 70.0 to 83.1 per cent. 
The New Jersey Report for 1888, gives water for first 
cutting as 79.46 per cent.;. for second, «64.37 sper) cent, 
alfalfa in drills; 80.61 per cent. for first cutting, 61.69 per 
cent. for second cutting, when sowed broadcast. The unifor- 
mity in our results is probably attributable to our climatic con- 
ditions and mode of culture, rather than to differences in 
the soils of New Jersey and Colorado. The New Jersey 
averages show the first cutting to contain more water, or to 
be more succulent than the second; while the results re- 
corded in the Texas Bulletin No. 20, 1892, showthe reverse, i. 
e., for the first cutting, 69.40, per cent., average of four analy- 
ses with 62.44 per cent., asthe lowest, and 75.65 percent., as 
the highest, and for the second cutting, 76.54 per cent. with 
71.77 per cent. for the lowest and 81.59 per cent. for the 
highest. ; 

AMIDE NITROGEN. 


l'he proteids as given represent the whole of the nitro- 


gen. ‘There should, however, be a slight reduction made 
because of the fact that some of the nitrogen is present in 
a form of much less value than the proteids. The second 
column in the accompaning table gives the percentage 
of the total albuminoids corresponding to the amide nitro- 


gen found. The following is the amount of amide nitro- 
gen found in the respective samples : 


First cutting :-— 


Per cent. 
Amide Per cent. 

: Nitrogen. 
ri blants not in-ploomete.: O284 rials 11.26 
2 LO AOL DLOOM ae OCP SR. wee 748 
3: os Ma Ley DRG O Mee, 3) O37 2, isco ies 16.16 
4. domeecei bog ae UNes oka ’e yr moka aeeaM OLETO vcore ed 7.80 
5. 20 nttal BlOeui as 62. O20 awa 10,22 
6 oq. dy Ail plow. eee: O.220 0. anne 12.26 
Heifer Wk al hes BREN an a ah Nt tone 10.85 

Second cutting :— 

; Per cent. 
Amide Per cent. 

y Nitrogen. 
ioPlants commaim bloomie.5.0.5.07 05.0.7: 17.82 
2. Pl Pet DIOO MG a sOLQROp ode vst 13.59 
3) i halt Dlootieere. : OGI Aree. 29.47 
4 SoU STEPH DOO Min ey OO Re. Ses 18.84 
SAECO CC neo we Ware Ue ema el caren 19.93 

Third cutting -— 

tray olléve Parmyiciao ne OLTOOL sea 6.03 


The proportion of proteids in the nitrogenous sub- 
stances of alfalfa is represented, according to these results, 
by 89.13 per cent., for the first cutting ; 79.93 per cent. for 
the second cutting; and 94.97 per cent. for the third. The 
percentage here given for the third cutting being based 
upon a single sample of hay, and at variance with the other 
results, is at best doubtful; it is, however, the result ob- 
tained. I have found but one other series of analyses of 
alfalfa,*in which the amide nitrogen is given, 1. e., by Mr. H. 
H. Harrington, in Texas Bulletin No. 20, 1892. The dates 
on which the samples were taken are given instead of the 
development of the plant; but, as the period of collecting 
covers forty days, I infer that the samples represent success- 
ive stages of development corresponding approximately to 
those given in this bulletin. The third column gives the 
percentage of total proteids corresponding to amide nitro- 
gen found: 


VN 
SE 


Per cent Per cent. 

Total Amide 

Nitroges. Nitrogen. 

Apr.20). Le aeake 2 OOn tea 1.08 

Rh DCL chy Seal pa aes Bad Ok ietapate Eee 

IM Vern 254.2 Rates 307 weiss ae 530 

Wha ier CeMemneney Conte lan ORT nt ee Senne 40 

Mraa@ (2CLiCITt) Deore lil 1.10 

Average oS) S020 ie eee eae 
Alfalfa not irrigated :-— 

BNET ENB Wardle ys ae ANTI SCOR ee OS He mem 2a 
‘Coat Oa oak GUD ReeenetD AT rt race Tod Baresi, 28.00 
May 11....2- D7 ON en ae 0.80 28.85 
Avetage ) iinet eae LA tat Le Re 19.99 


According to this series of analyses the proteids make 
up for the average, 65.69 per cent. of all the nitrogenous _ 
compounds in the first cutting alfalfa hay grown under irri-_ 
gation; and 70.71 per cent. of those of the second cutting 
grown under like conditions. But of these compounds, in 
the first cutting grown without irrigation, the proteids form 
86.69 per cent., if we take the average of the three deter- 
minations given, or 71.58 per cent. if we leave out the 
sample taken April 3, which brings it in better accord with 
the other results. 

These two series of determinations show clearly that 
the total amount of nitrogen in two different samples of hay, 
grown under different climatic conditions and expressed as 
proteids, cannot safely be taken as a measure of their re- 
lative value for feeding. As an example in point we will 
compare the Texas sample, collected May 11, with our 
sample of first cutting hay,made when the plant was in half 
bloom. According to Mr. Harrington’s analysis, the Texas 
sample shows, nitrogen equal to 19.18 per cent. proteids or 
albuminoids, and our own air dried sample 14.41 per cent. 
We should, accordingly, give preference to the Texas hay, 
but, when we deduct the amides, we find the Texas sample 
has 10.97 per cent.; while the Colorado sample has 12.08 per 
cent. of the more valuable albuminoids left. So far as 
these are a measure of the feeding value of hay, the Colo- 
rado sample is really the better. If the plant were to be- 
turned under as a manure, the more nitrogen the better, 
other things being equal. The difference in the amount of 
amides present in the two series is very great, but the meth- 
ods used by the analysts were the same, the tigures corre- 
sponding closely to the difference in the samples. 

Our series of samples shows that the second cutting is 
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richer in amides than the first cutting, which isstill the case 
if we reject analysis No. 3, which seems abnormally high 
and for which we have no explanation to offer; also, that 
the amides attain their maximum in the whole plant at 
about the time of half bloom. It may here be remarked 
that the flowers, an analysis of which will be given later, are 
also quite rich in these amide compounds, and their abund- 
ance at the time of half bloom may determine the time of 
the maximum amount of amides. There is not the same 
fluctuation in our results as is shown in those of Mr. Har- 
rington; they agree in showing a disappearance of these 
compounds as the plant begins to go out of bloom. 


A NITROGEN *AS “NITRIC CACID. 


The well-known effect of alfalfa hay, particularly new 
hay, upon horses and the detection of large quantities of 
potassic nitrate in cornstalks grown under peculiarly favor- 
able conditions, suggested the possibility of the occurrence 
of nitric nitrogen in this rapidly growing plant. The 
albuminoidal nitrogen was determined according to Stut- 
zer's method, the filtrate rendered alkaline and subjected to 
distillation until ammonia ceased to be given off. The 
residue was acidified with sulphuric acid,runin from a grad- 
uate, and the nitric acid reduced by nascent hydrogen with 
the usual precautions, and after complete reduction, ren- 
dered alkaline again and distilled. The average of the re- 
sults thus obtained gave us exactly the average of the 
blanks made with our reagents by Kjeldahl’s method. The 
number of tests made was eighteen, and the nitric nitrogen 
was absent or present in exceedingly minute quantities. 
The roots were not tested for nitric nitrogen, but as the 
amids are present in them in rather large quantities, it is 
doubtful whether they contain more nitric nitrogen than 
the rest of the plant. 

THE) PLANT. 

The preceding paragraphs have dealt with the whole 
plant as represented in hay, including leaves, flowers, and 
stems. The laboratory samples were prepared in sucha 
manner as to preserve all the plant, and they consequently 
preserve the natural ratio of the different parts of the plant, 
which is not ‘true of field-cured hay. In the succeeding 
paragraphs is given the composition of the separate parts 
of the plant, i.’e., stems, leaves, flowers, seeds, and roots. 

STEMS AND LEAVES. 

Reference has already been made to the size which 
these attain, the diameter of 300 stems giving an average of 
nearly ‘17 of an inch, and they attain a hight of five and ° 
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one-half feet under favorable conditions. Itisasomewhat — 
hackneyed observation that horses eat them (stems) more — 
readily than they do the leaves, if not all too coarse ; while | 
cattle prefer the leaves. The percentage of stems ands 
leaves, including flowers, varies with different plants from 
4oto 60 percent. A very leafy, small-stemmed plant may 
have more than 60 per cent. leaves and, consequently, less 
than 4o per cent. stems, but the stems of an average plant 
will amount to between 4o and 60 per cent. These numbers 
are of importance when it concerns hay making, as common 
experience teaches that the leaves are readily lost if the 
hay is not handled carefully and advantageously. In as 
much as many of the smaller stems may go with the leaves, 
the loss in making hay can, and in some cases, does amount 
to from 50 to 60 and even more per cent. We undertook to 
determine, by weight, this loss in making hay, but desisted 
after a very brief trial for reasons similar to those given un- 
der the subject of damage done to hay by rain. We have 
been led by our experience and observation, to the conclu- 
sion that the minimum loss from the falling off of leaves and 
stems in successful hay making amounts to from 15 to 20 
per cent., and in cases where the conditions have been un- 
favorable, as much as 60 or even 66 per cent. of the dry 
crop, or, for each 1,700 pounds of hay taken off the field, at 
least 300.pounds of leaves and small stems are left, and, in | 
very bad cases, as much as 1,200 pounds may be left for each 
800 pounds taken. Ofcourse, the latter is extreme, but it 
does occasionally happen even inthis land of perpetual sun- 
shine. The chemical loss has been referred to under pro- 
teids, farm sample, first cutting, analysis No. 3. 
_ The stems loose 59.79 per cent. of their weight in’ cur- 
ing, and yield 4o.21 per cent. of air dry substance with the 
following composition : 
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This shows the stems to be very high in érude fiber and 
low in nitrogen free extract, while the proteids are almost 
equal to the average amount in timothy hay and the fat is 
less than one-half as much. Assuming the coefficient of di- 
gestibility for the stems to be equal to the average coeffi- 
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cient of digestibility for alfalfa as given by the New Yorkand 
Colorado Stations, we have in thestem the following pro- 
portions: Digestible fat, .456 per cent; proteids, 4.63 per cent; 
_ crude fiber, 25.00; nitrogen free extract, 20.21 percent.,with a 
nutritive ratio of 1.10, requiring the addition of about 1.31 
per cent. of digestible proteids to make the nutritive ratio 
-1:7.8, Wolff's standard ratio for horses at moderate work. 
The stems used in the above analyses were very coarse for 
alfalfa stems, and the proportion of fine stems was small. I 
interpret the high percentage of crude fiber as indicating 
this, which I otherwise know to be a fact. The stems as 
selected by horses from the hay probably approach con- 
siderably neared to the ratio of an agreeable, sufficient, and 
advantageous ration than that deduced from the above 
analyses. The amide nitrogen is very low. 
LEAVES. 

The samples of leaves were carefully picked free from 
all stems. They were not free from the fungus, which 
causes the dark brown spots and which is described in the 
Third Annual Report of the Delaware Station, 1890, page 79, 
under the name of Pseudopeztza Medzcagznis, also in New 
Jersey Report for 1889, pages 152-160, as Phacedium Medtca- 
egznzs.. This fungus was so prevalent at the time of gather- 
ing the leaves, that the avoidance of every affected leaf was 
practically impossible. The affected leaves were not suf- 
ficient in number to have any perceptible effect upon the re- 
sults. Analyses of affected leaves may be found in the New 
Jersey Report referred to above. Fresh leaves yield 68.72 
per cent. water and 31.28 per cent. air dried matter. The 
water is low, for one cannot pick them without their wilting 
somewhat. 
COMPOSITION OF LEAVES. 
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The high percentages of ash and proteids are the -salini 
‘ent features of the composition’ of the leaves. Using thea 
same coefficients of digestion as before; we obtain a nutritive | 
ratio of 1:2.7, a very close ratio and one on which probably 
no animal will do so well asona wider one, The large per- 


centage of ash may have some effect upon the taste of thee 


leaves; such is readily conceivable. The ash constituents 
will be discussed later in connection with the fertilizing 
value of the leaves. As the mechanical loss suffered in hay 
making consists very largely of leaves, they play an impor- 
tant part in the improvement of the soil observed in such as 
has been to alfalfa for a few years and in the quality of the 
hay. 
FLOWERS. 


The flowers do not constitute at any period in the 
growth of the plant a large percentage of the whole, but as 
their appearance is the sign of the approaching retrogres- 
sion of some of the food constituents, or indicates the turn- 
ing point in the life of the plant, we have submitted them to 
analysis to aid in tracing the course of development and 
also of the mineral constituents. The water in them is quite 
~ as much as in the average plant, i. e., 72.69 per cent.; and the 
air dried matter 27.31 per cent. This sample was gathered 
with great care and then sorted, so that there should be 
nothing but the racemes of flowers, without seed pods, ex- 
cept very young ones, The racemes taken presented the 
largest number of full blown flowers and probably contained 


the maximum of food stored up preparatory to the forma- 
tion of seed. 


COMPOSITION OF THE FLOWERS. 


Weng Q a a 
ae 3 FI tes 2 8 
3 So | Sg | SB | hes] Be | Sh 
RD 77) Qu 52 =e} one be ae 
¢ | = | Gh | 62 | Se |Buy | oe | Es 
| cI a Bi) ype Nas 
Air Dried ........... | 4.46 | 9.41 | 242 | 24.88] 19.92] 49 31 6 
ir Dri Doi 9. 9.92 | 42.77 | 9.413 | .692 
= hyn sitiee | 4:78 | 9.68 21.48 | 20.08 | ...., 3437 |. 
Water Free... ea ale GBs Re (a! 


O81} 29485, (e180, SB dd 7h nhu el eee ae 


lhe ash scarcely differs from the amount present inthe 
whole plant, but the proteids and nitrogen free extract are 
very much higher; the former seemed probable without the - 
analytical results and it is almost evident that they should 
be rich in carbohydrates. The function to be fulflled 
by the accumulation of these two important com- 
ponents does not come within the scope of this bulletin 
even if we were competent to discuss it, but it is suggestive 


that these two components are also present, the proteids in 
even larger proportion, in the seed. The ether extract, 
however, does not foreshadow the large amount of oil in 
the seed. The proteids are most abundant in the hay,when 
cut at about half bloom, as the flowers themselves do not 
form a sufficient percentage of the hay to account for the 
total increase; it is probable that there is really more pro- 
teids elaborated just before or at this period of growth than 
atany other. In making this statement we bear in mind 
the total weight of the plant as well as the percentage com- 
position. Some of our analyses indicate that the dry mat- 
ter contains a higher percentage of proteids if the hay be 
made from very immature plants, (samples cut on May 5,) 
but others cut at alater date, the (plants not yet in bud) do 
not show the same richness in albuniinoids; and Mr. Har- 
rington’s series, Texas Bulletin No. 20, leaves it doubtful 
whether it be true, that the dry matter from very immature 


plants contains a higher percentage of proteids than that _ 


cut ata later stage of growth, but previous to the formatio1 
and ripening of the seed. The analyses of the leaves sho 4 
the proteids to be practically stationary from early bloom — 
on, but to decrease after the plant has past full bloom. Aan 
We have treated so far principally of the compounds ~ 
entering into the question of hay making and have selected 
our Samples with the view of gaining information as to the 
best time for cutting, the influence of high or low land, and 
of irrigation. The results are tabulated below, being given 
on ahay orair dry basis. I have chosen to do this because 
such, results correspond more nearly to the article with 
which our average reader is familiar than if they were re- 
duced to the basis of dry substance. The results reduced to 
this basis may be found in the appendix. The statements 
made under the subject crude fiber seem pertinent to the 
other food constituents and the plant in general. The 
water in the hay does, as is clearly understood, make some 
difference; but it varies so little that its effect upon the re- 
lative results is negligible. The fats are present in com- 
paratively small quantities, being equivalent to from 3 to 
5.5 per cent. digestible carbohydrates and do not vary 
enough in the different samples to show clearly that the 
variations are due in any way to the stages of plant devel- 
opment; while the fat—ether extract—in Mr. Harrington's 
analyses (Texas Bulletin No. 20) is very much higher 
throughout than mine, and, in the irrigated alfalfa, shows a 
diminishing percentage as the season advances. The sam- 
ple,which had no irrigation,shows the reverse. ‘The fat con- 
tent as shown by Mr. Voorhees’s analyses (New Jersey 


Rep. 1888), is also somewhat higher than mine, showing an 
average for hay, supposing it to contain 8 per cent. mols- | 
ture, of 3.31 per cent. for drilled alfalfa and 3.02 
per cent., for broadcast. The minimum is found in the third 
cutting, broadcast, with .53 per cent. As four cuttings were 
made they were probably cut quite immature. The per- 
centage of fat, however, in Mr. Voorhee’s samples agrees 
quite well with our farm samples, first cutting. None of 
the analyses show that there is asa rule more fat in the dry 
material of the very early cutting than in that of maturer 
plants. ; 
Using the coefficients of digestion, 46 for crude fiber and 
68 for nitrogen free extract, these being the average of 
the coefficients found by the New York and Colorado sta- 
tions for the respective substances, we find the total diges-_ 
tive carbohydrates, neglecting the fats, to range between 
36.41, as a Minimum, and 4o0.51,asa maximum, ora variation 
of 4.1 per cent., including samples cut green, beginning 
E om, half bloom, and full bloom, as well as the first, sec- 
and third cuttings. The proteids, as stated under this 
ic, appear to attain their maximum at the beginning of 
bloom and remain practically stationary until half bloom, 
or alittle later, when they diminish rather rapidly. This 
period, during which the loss and the gain in the proteids is 
nearly equal, is the most advantageous time to cut for hay, 
both for quantity and quality, so far as the composition is a 
criterion. Hay possesses certain general qualities which 
make it acceptable to the animal and which are not depen- 
dent upon the composition. Many persons, Iam informed, 
give preference to the second or third cutting for certain 
feeding. The composition of the respective cuttings shows 


but very little difference, the following figures giving the 
averages for each:— 


Ether Crude Digestible 
; : Extract. Proteids. Carbohydrates. 
Firstscutting. <. 1.540 as ae eee ee 38.03 
ey, Oh hem 
Second cutting:1,40 0... 144A @ROe ee ee ao 
Vhird cutting; 1446"... | P30 ga eee ee 39.15 


_ The average precentage of proteids for the third cut- 
ting is based upon the two samples of hay, which alone, 
would not be sufficient, but the average for the samples 
from the farm department makes it only 13.47 per ‘cent., 
and the results of Mr. Voorhee’s analyses give, for the third 
cutting of hay, allowing 8 per cent. moisture, 13.67 per cent. 
These figures for the first and second cuttings are nearly 


*Not including samples cut May 5th. 


the same, with a slight difference in favor of the second 
cutting if we reject the very early cuttings (May 5th). 
This, however, is compensated for in part by the larger 
quantity of amids present. The third cutting is inferior in 
composition to either of the others. The following table 
presents, in tabulated form, the analyses. of the different 
samples ; first, those prepared by ourselves in the labora- 
tory; second, those received from the farm department. 


Laboratory Samples. 
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Farn Sanples. 
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t{ Sample somewhat charred in drying. 
ALFALFA AND CLOVER HAY COMPARED. — 


The plants from which these hays were cut, were grow- 
ing side by side under identical conditions, were cured in 
the same manner, and are comparable in every respect. 
The clover was very vigorous; the flowers were very 
nearly half turned ; the stems were stout, but leafy ; and 
the whole plant was in prime condition. The hay was cured 
ina sack as before described inthe account of the prepara- 
tion of our alfalfa samples. A sample of alfalfa also in 
prime condition and in half bloom is chosen for the com- 
parison. The green clover yielded 24.25 per cent. of hay, 
and 75.75 per cent. of water, and the alfalfa 26.94 per cent. 
of hay and 73.06 per cent. of water. 
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_ The coefficients of digestion for good quality clover hay 
is given, in Massachusetts State Experiment Station Report 
for 1893, as 48 for crude fiber, 49 for proteids, 43 for ether 
extract, and 58 for nitrogen free extract; and for alfalfa, 46 
for crude fiber, 73 for proteids, sr for ether extract, and 68 
for nitrogen free extract. 7 
One hundred pounds of this clover hay contain, when 
perfectly dry, 47.49 pounds digestible food, of which 6.95 


‘aa 


) 3a 
pounds is proteids, while the alfalfa furnishes 54.43 pounds 
digestible food with 11.22 pounds proteids. The green al- 
falfa crop yielded in this case almost 2.5 per cent. more dry 


matter, which contains about 7 per cent. more digestibie 
food than the clover. 


ALFALFA, RED CLOVER AND PEA-VINE ENSILAGE COMPARED. 


The loss in making alfalfa hay, together with other 
considerations, has led to some experiments in making 
alfalfa silage. The following samples were received, one in 
late summer and the other in late winter. The condition > 
of each was considered good, and cattle were reported to 
eat them freely, even in early fall when they had access to 
green pasture. The average dry matter, as determined in 
three samples, is 30.19 per cent. 


Sample No. 1—Farm Department—Silage made from 
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* Expt. Sta. Bul. No. 11, p. 52. 


These samples of ensilage werein good condition when 
received at the laboratory. The alfalfa silages, particularly 
No. 2, had a marked disagreeable odor and taste; the pea- 
vine ensilage was bright, with an agreeable odor and a 
pleasant acid taste. Mr. Empson, of Longmont, through 
whose kindness this sample was furnished, informs me that 
the vines used in making silage are of varieties grown by 
their company for canning. The peas are threshed out and 
the vines are put insilos and subsequently fed to sheep or 
lambs. The vines are cut when the crop isin best condi- 
tion for canning. Itis evident that this pea-vine silage is 
poorer than pea-vine silage would be by whatever of nitro- 
gen, étc., is removed in the peas. The ash in the pea-vine 
silage 1s really not so high as appears in the analysis. It 
amounts to 8.96 per cent., after the deduction of sand. It 


will seldom be advantageous for the farmers of this country 
to make their alfalfa crop into ensilage, but if they should — 
‘choose to, the ensilage produced, as shown above, will com _ 
pare favorably with a very good quality of alfalfa hay, and 
is quite as well adapted to this use as red clover or pea-— 
vines. Alfalfa, when stacked with a great deal of moisture 
in it, sometimes passes through a fermentation, producing 
a hay which maybe considered as intermediate between 
alfalfa hay and ensilage. In the cases which have been. 
called to my attention this result has been obtained by ac- 
cident, and, of course, without special care or extra labor. 
This is very near to the so-called brown hay ; its color is 
reddish and it is a very agreeable fodder to cattle. 


As to the digestibility of either the ensilage or of this 
red or brown hay, I find no data; but cattle fed on either 
are said to thrive admirably, and it seems probable that the 
digestibility inthese cases does not differ materially from 
that of thefield-cured hay. In making alfalfa ensilage, the 
silage must be carefully protected from the influence of con- 
ditions producing further changes than those producing the 
ensilage fermentation. The following analysis of damaged 
ensilage will enforce this statement: 
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Damaged Alfalfa Misilage kok ee 5.90 17.89 | 2.34 15.47 46.18 | 12.22 
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The decrease in the percentage of nitrogen free extract 
and the increase in that of the ash and crude fiber are 
equally noticeable. ; 


What the loss of dry matter was in either of these 
casesI do not know. Storer, in his Agricultural Chemistry, 
quotes the loss of dry matter in making alfalfa ensilage at 
27 per cent. The amide nitrogen was not determined in 
these ensilages, and, while it is known that there is a retro- 
gressive change in the nitrogenous compounds in making 
ensilage, I have no data on which to base an approximate 
estimate of the loss of these in either of the preceding in- 
stances. The damaged ensilage is richer in total nitrogen 
than the prime ensilage, No. 1, and the nitrogenous com- 
pounds seem to have changed slowly ; this, however, is sub- 


ject to modification, due to the formation of amides; also a 
small amount of ammonia from the albuminoids. 


ELEMENTS OF PLANT FOOD TAKEN FROM THE SOIL. 


The leguminous plants, to which order alfalfa belongs, 
store up intheir stems a large amount of nitrogen which 
they are believed to obtain largely from the atmosphere,and 
tor this reason they are considered as nitrogen gatherers, 
adding to the soil more nitrogen than they draw from it, 

provided the plants are not removed, but fall where they 
grow or are plowed under. But, when the hay is taken off 
the field, the problem is a different one, and whether it adds 
to the nitrogen in the soil or takes from it, depends upon the 
ratio of the nitrogen in the leaves and stems which fall and 
decay upon the soil to that taken from the soil proper inthe 
form of nitric nitrogen. As'I know nothing of the value of 
this ratio, am compelled to content myself with the general 
results which are well known; still, under the discussion of 
the roots, we shall see that there are reasons why we are justi- 
fied in doubting whether the store of hitrogen in the soil is | 
added to by growing alfalfa; on the contrary, while this 
plant is provided with tubercles—micro-organisms which 
enable it to appropriate atmospheric nitrogen—it is also a 
greedy feeder upon the soil nitrogen. 


The benetits which accrue to soils cropped to alfalfa 
are unquestionably great, but whether they are lasting, or 
call for a quick rotation in order to be maintained, is still to 
be established. The case of the other elements of plant 
food is not involved by any compensation asin the case of 
nitrogen ; but every pound taken away is at the expense of 
the supply in the soil. As our soils have not been under 
crops of any kind very long, and to alfalfa only a short 
time, it is a reasonable assumption that the average mineral 
constituents of the ash correspond very nearly to the re- 
quirements of the plant. The quantities given by our 
analyses, representing plants supplied with an abundance 
of available food, are probably high enough. 


The accompanying table gives the ash constituents 
taken from the soil with every 1,000 pounds of hay. The 
sand, carbon, and carbonic acid are rejected in this table. 
There may appear to some to be a discrepancy between 
the table as given on page 31, and the following; the two 
are, however, the same as concerns the following subtances 
contained in the ash: 


POUNDS PLANT FOOD PER I,000 POUNDS ALFALFA HAY. 
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1 |Green...........| 1.158] 4.923] 4.349] 9.655|22.352| 3.159].871) .159].163/29.720| 1.174] 77.183|24. 96 
1 |Green...........| 1.006] 4.081] 4.323) 5.169)21-528! 3.314).386) .147 .109]25.848) 1.237] 67.098}22.89 
1 | Half bloom..... .924| 4.105] 4.418] 3.865/21.690] 3.343].295) .165].109)26.078) 1.434) 66.426/23.08 
1 | Half bloom..... 1.404] 4,188] 5.280] 6.288]22.182] 5.523/.869) .235).174)22.209) 1.708] 69.461/21.40 
1 | Full bloom..... .813} 4.839] 5.182/10.052]25.522] 8.509).248] .083).156]22.398] .869) 73.671/23.16 
1 | Full bloom..... 1.808] 4.015] 3.412] 6.829]25.647) 3.776) .074 .064/28.137) .857) 74.619)22.538 
1 | Full seed....... .706| 3.474] 2.705] 4.851)12.934) 2.864|.261) .157|.155]17.985| 2.586) 48.678/19.46 
2 | Begin’g bloom..| .917| 4.709) 7.306/10.359/81.038) 4.031).360) .066/.230/30.324) 2.223) 91.563/28.91 
2 | Half bloom..... .631| 4,812] 7.356)10.174]26.626) 8.824].259) .109}.156/27.980} 1.838) 83.715)25.89 
2 | Full bloom..... | 919] 4.882] 7.194/10.541/28.390| 4.358.363] .186].205/26.076| 1.078] 84.187|20.61 
2 | Pastfull bloom.| 1.353} 4.288] 4.257] 8.428]27.426) 4.124] .115 .084}10.643) .948) 70.616]20.85 
SMELL We c veleleie s'est .402] 8.397| 8.087/40.839]18.694) 3.605).175} .081}.107]24.693) 4.255) 63.335)18.95 

.-| Red clover...... 1.831] 3.661) 1.260] 2.573/23.778) 5.227).102)...... .203]25.160) .223) 64.018)21.49 
..| Flowers ........ 2.971) 7.248) 5.887] 4.593/15.948} 3.720).957) 1.110] .191)24.076] 3.787) 70.487|34.12 
of LUOBVEB,..... 2.4 2.673] 4.367|16.704| 7.009/45.425] 7.626].821] .814|.817]13.196] 5.396}104.348/31.77 
..) Leaves,.....-... 1.009] 5.114/13.062} 8,665]33.042) 5.395].344) .273]....]21.277| 4.411) 92.592/35.68 
RLSCEN CAS Anes o oe 1.048} 4.661] 9.38110. 906]52.569) 5.839].602) .141).266]15.846] 1.062/102.221|35.49° 
}.| Leaves.......... 1.159} 4.900}15.356) 8.490|50,.488/ 6.425].610) .189).447|15.447) 5.157/108.618/38.92 
..| Stems...........]  .790} 2.198) 1.711] 2.934] 7.002) 2.563).225} .233) .082/13.184| 4.110) 35.032 10.09 
..| Stems...........| 1.099} 3.089) 2.392) 4.102] 9.768) 3.604).328] .834,.112}18.394 5.7101 48 ,882)...... 
a StOMS 2 x) -is oie ‘| .731) 8.769] 1.297] 6.381] 9.117] 2.915].340) .188].098/20.817)' 2.818] 48.461|...... 

.| Stems...........] 1.015) 8.272) 1.254) 6.525/11.671| 2.871/.239) .244).097/24.159/ .721) 52.068]...... 


These results show that, with each ton of first cutting 
hay, there is removed an average amount of 143 pounds of 
ash constituents ; with each ton of second cutting hay, 165 
pounds; and with the third cutting, 127 pounds per ton. 
Our sample of red clover gives 128 pounds against 143 
pounds for the alfalfa. The following are the amounts of 
the most important plant foods taken trom the soil and air 


by the successive cuttings of alfalfa and red clover hay per 
ton of 2,000 pounds: 
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Average for alfalfa hay ................. 44.01 | 8.27 50.95 9.40 13.95 | 48.51 7.64 
AlTaleA nell BOA: Scoot kk win Sacto 38.92 6.95 35.97 5.41 9.70 25.87 5.73 
Red clover, heads half turned........... 42.98 | 7.82 50.32 2.52 5.15 | 47.56] 10.45 


This table gives the amount of plant food removed by 
a ton of average hay; but if the amount removed by 
an average crop is desired, we have taken 1.65 tons for first 


“ih 


cutting, 1.2 tons for the second cutting, and 1 ton for the 
third cutting. This is estimated ona yield of 3.8 tons for 
the three cuttings, which is not far fromthe average crop. 
This correction changes the total amount of mineral mat- 
ter removed from 167.23 to 169.26 pounds. Actually weighed 
crops seem not to be of record in such numbers as to give 
them value as a basis. That four, five and more tons have 
been cut per acre, is not doubted, but such yields are not the 
rule. The land of the Rocky Ford Station has yielded a trifle 
over five tons and so has land near Loveland, in this 
county, and doubtless at many other places, but these are 
large and not average yields. Estimated yields are sel- 
dom too low and measured tons are only approximately 
correct, but they serve a good purpose when nothing better 
is available. Adopting the judgment of sixteen farmers of 
Colorado, some of whom are known to the writer as practi- 
cal and conservative men, we make the average yield 3.7 
tons per acre. Mr. A.A. Mills, of the Utah Station, makes 
the yield from measured areas 4.24 tons per acre. These 
figures seem exceedingly conservative when compared with 


_ many current estimates, but they are fully high enough for 


the average crop and close approximations to its upper 
limit. 
ALFALFA SEEDS. 

The ordinary analysis of the seed is given in the table 
on page 31, and the ash analysis in the appendix. The fat 
or oil—ether extract—was determined by both my assist- 
ant, Mr. Ryan,and myself. Mr. Ryan obtained 14.41 per 
cent. and I 14.04 per cent. Mr. Ryan extracted his portions 
for many days; I extracted mine for eight hours. There 
seems to be a volatile portion, which gave Mr. Ryan trouble 
in determining the moisture. 

AMOUNTS OF SEED COMMENDED FOR SOWING PER ACRE. 


The practice followed by many intelligent farmers of 
selling the good seed and sowing the screenings, led us to 
make the following experiments, even though they digress 
from the main purpose of this bulletin. 

The fresh seed has a light greenish yellow color which 
is sensitive tothe light, eventually becoming reddish brown. 
The size of the seed varies; it is described as larger than 
clover seed. A sample gathered by hand from plants grow- 
ing singly on a poorly irrigated piece of ground, had the 
following properties: bright greenish yellow color; more 
than twice as long as broad ; and asa,rule not as thick as 
broad; thicker at one end than at the other, giving the 


seed a slightly twisted appearance; length a little more. 
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than 3-32 of aninch. The pods were full, the seeds press- 
ing one upon the other. The analysis of these seeds 1s — 


given in the table. When well dried the seeds absorb mois- 


ture readily. Fifteen portions of one gram each were | 


weighed off, after thoroughly shaking the sample. and 
counted. The average was found to be, 456 seeds to the 
gram; lowest number-per gram, 450 ; highest number 463 ; 
number of seeds per pound, 206,837. ! 

Sample No. 2, purchased in the market, gave 458.6 seeds 
per gram; 208,021 seeds to the pound. These seeds were 


not so even in size as the first sample. There were a few 


shrunken seeds. The sample was clean, containing less 
than one per cent. by number of foreign feed. Sample 
No. 3, also purchased in the market, was of a brownish  yel- 
low color; sample contained 8 per cent., by number, of 
foreign seed, mostly of an. amaranthus. The average 


number of seeds to the gram of this sample was 504.46.. 


The seeds were very even in size ; minimum number to the 
gram, 503; maximum, 505. The number of seeds to the 
pound was 228,818. 


Sample No. 4, consisted of first quality screenings, 
furnished by J. E. Gauger, Rocky Ford, Colo., about 65 per 
cent.of which was immature whencut. The seed was 


shriveled and dark brown in color. The sample was) 


quite free from grass seeds, weed seeds, and stems, and 
contained 259,340 seeds to the pound. 


Sample No.5, first quality screenings from the same ~ 


source as No. 4, was dark and contained many shriveled 
seeds, in which by weight there was 23 per cent. of impuri- 
ties—grass and weed seeds. This sample contained 344,123 
seeds to the pound. 

Sample No. 6, first quality screenings (J. E. Gauger) 
seed evidently well cured, many seeds green and immature, 
contained 266,233 to the pound. 

Sample No. 7, second quality screenings (J. E. Gauger), 
containing more stems and weed seeds, especially of an 
amaranthus, than any other sample, contained 331,383 seeds 
per pound. 3 

Sample No. 8, third quality screenings (J. E. Gauger), 
was quite clean. The seeds were large, but shriveled, 
numbering 312,385 to the pound. 

We may assume that a pound of first-class seed con- 
tains 210,000 seeds; first quality screenings, 260,000 and _oc- 
oe. many more on account of shriveled seeds}; and 

or second and third quality screenings, about 320,000 seeds 
to the pound. : 


e 
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THE QUESTION OF WHAT IS A GOOD STAND. 
The amount of seed sown to the acre in this state 


varies exceedingly, the smallest that I know of as having 


been sown for a hay crop, being seven pounds per acre; 
and having examined the stand personally, I have no doubt 
but that it will produce as large a crop as a heavier seeding 
would, but whether there is the same certainty of getting 
an even stand is a question. In this case it was very even. 
The highest amount that I have seen given as sown to the 
acre is thirty pounds. Twenty and twenty-two pounds to 
the acreiscommon. This gives us, supposing prime seed 
to be used, from 1,470,000, with seven pounds, to 4,620,000 
seeds when twenty-two pounds of seed are sowed to the 
acre. There is certainly a wide difference in practice, and 


it is claimed, with no difference in the result, either in quan- 


tity or quality of hay. The majority is unquestionably in 
favor of heavy seeding, but the: minority seem to me to. 
have more reason on their side. 

The quantity of seed to be sownto the acre was 
touched upon by Miller (1807). “In sowing broadcast 
Rocque directs fourteen pounds to the acre; in Kent they 
sow twenty pounds, which is generally allowed to be the 


_ proper quantity ; in France they allow near thirty pounds 


to an English acre. Some sow only ten pounds with six 
pounds of broad clover, to have a crop the first season, 
both with a thin crop of barley or oats.’ Again, he says 
“The field was sown broadcast with Lucern seed. 

Twelve pounds to the acre sown at twice.” And. of 
another field of broadcast Lucern sown twenty years before 
with barley. “ The plants were in patches or single, often 
two or three feet apart ; yet it produced four tons of hay 
on an acre, at three cuttings. * * * It also. shows® 
what a large space plants of Lucern will fill.” 

- Two reasons can be urged in favor Of heavy seeding, 
and if they are founded on facts, they are sufficient to jus- 
tify the practice. One is that athick stand produces a 
more desirable hay than a thinner one; the. second 1s that 
a large amount of seed is necessary to obtain such a stand. 
In the first proposition there is clearly a lack of definite- 
ness in the term ‘‘a thick stand.”’ Very few persons who 
use the term have any idea whether they mean by this one 
or twenty plants to a square foot, and I doubt whether 
thereis any increase of crop or quality of hay gained in 
one field with 260,000 plants to the acre over. another with 
one-half that number, assuming that the stand is equally 
even in the two fields and that other conditions are similar. 
This is six and three plants to the square foot respectively. 


* 
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We have given ourselves some trouble to establish some 
thing definite regarding the terms stand, good stand, etc., 1n 
connection with the weight of stubble plowed under. ; 
A piece of alfalfa, six months old, contained fifteen 
plants to the square foot, or 653,400 per acre (Prof. W. W. 
Cooke), which is one plant for every seven seed on the 
basis of twenty pounds of seed to the acre. A measured 
piece, twenty-five feet square, was plowed up and the plants 
picked out of each furrow in turn, the whole of the soil be- 
ing turned over by hand, and the number of plants to theacre 
was found to be 526,793. Prof. A. E. Blount writes me that — 
this field was seeded to alfalfa May ro, 1886, and was conse- 
quently ten years old. The roots were very small, not over 
one quarter of an inch thick at the crown, and were ina re- 
markably healthy condition. This portion of ground is as 
high as any other cultivated portion of the college farm 
and is a fine, loamy soil. The yield last year was rather 
over four tons (weighed) per acre. 
Mr. Philo K. Blinn, Superintendent of the Rocky Ford 
Experiment Station, in Otero county, at my request, meas- 
ured off a square twenty-five feet on the side and counted 
the plants. He found 139,392 to the acre. This is a most 
excellent piece of land, alluvial soil. The yield of alfalfa 
hay last year was 4.4 tons per acre. Mr. Blinn measured two 
small squares, 5x5 feet, obtaining 291,000 and 305,000 plants 
in these. } 

I selected an average plat 25x25 feet ina field one year 
old seeded with twenty-two pounds of seed to the acre, 
cross drilled 11 pounds each way. The soil is a fine loam, 
subsoil sandy clay succeeded by fine sand. This plat has 


been in cultivation a number of years. The standwouldbe 


designated as “very good.”. The cross drilling showed 
au at this date, April 29. Number of plants per acre, 
85,102: i 

A piece 25x25 feet of another field, sowed to alfalfa 
May 17, 1884, twenty pounds of seed to the acre, (Prof. A. 
E. Blount), was plowed up. This field of alfalfa is in bad 
condition. The stand is very irregular, large patches of 
ground being entirely bare. The soilis asandy loam, with 
clay subsoil; water plane four to eight feet from the sur- 
face. Number of plants per acre, 70,283. Nearly every 
plant has a hollow crown and root ; yield peracre last year 
something over three tons. At three tons this is approxi- 
mately t 1-4 ounces of hay orless than 4 1-6 ounces green 
weight to the plant forthe:season. In the case of the 562,- 
193 plants and four tons yield, it is only 1-4 ounce of hay to 
the plant, or one ounce of green weight for the three cut- 


tings. I sought out twenty plants growing singly, which. 
had received no care whatever. They were in patches of 
volunteer plants. The weights were taken immediately 


upon cutting and averaged 14.4 ounces or 3.8 ounces of _ 


hay tothe plant. The average number of stems was 39 
to the plant; the highest number was 58. The lowest 
weight was about 1-3 of a pound, the highest 2 1-3 pounds. 
Any one familiar with alfalfa will recognize that these 
plants can be duplicated easily and are by no means un- 
usually large. I founda plant standing quite by itself in 
the field of James Whedbee, the space in which the plant 
grew being about three and possibly as much as four 
square feet. There arose from the crown of this plant 
161 stems. I dug up one other plant, which had 360 
stems on it; the space covered by this crown was 
about three square feet. The weight of- these I regret 
was not determined. Others have observed even larger 
plants. Miller says that he had a plant whose crown was 
eighteen inches in diameter, and from which he cut nearly 
four hundred stems at one time. M. Duhamel states that 
a flourishing plant will produce a pound of well dried hay. 
These factsseem to me very suggestive. I have noticed 
with some degree of ‘attention the size of the stems on 
these large plants and I do not find them of noticeable 
coarseness. JI believe that every advantage supposed to be 
obtained by crowding the plants, whether the claim be well 
founded or not, will be produced with an even stand of not 
more than four plants to the square foot, and of two or 
even one under favorable conditions. The importance of 


_ favorable conditions is admirably shown by the yields of 


the plat giving 526,793 plants per acre. In 1893 it yielded 


2 2-5 tons at the first cutting; this year about one ton. 


Moisture is necessary to the production of acrop of alfalfa. 
I regret that we have no analyses of hays cut from crowded 
and from singly growing plants. Granting, however, that a 
stand of a half million plants to the acre is desirable, isso 
large a quantity of seed as twenty pounds, about 4,200,000 
seeds, necessary to produce it? This will depend first of 
all upon the germinating power of the seed,and also upon 
the vitality of the plants produced. 


VITALITY OF “ALFALFA SEED. 


It is claimed that alfalfa seed soon looses its germinat- 
ing power, and that the young plants are very tender, 
though hardy enough when established and older. Con- 
cerning the former, Loudon says: ‘Great care shoula be 
had to procure it (Lucern seed) plump and perfectly new, 
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as two years old seed does not come up freely.” In North — 
Carolina Bulletin No. 60, these seed are described as twice 
as large as red clover seed with a brownish yellow hue. | 
“The vitality of Lucern seed is so low that seed over one 
year old is scarcely worth sowing.’ The author of that - 
bulletin records two sprouting experiments made with pre- 
sumbly two years old seed, showing only 6 and 12 per cent. of 
the seed capable.of germinating. This is quite in accord with 
the statement of Loudon. Not finding myself abieto unhesi- 
tatingly subscribe to these results, I collected the following 
samples of seed. I experienced difficulty in obtaining in 
our local markets seed two years old, even after explaining 
my desire and object. 

1. Prime seed, two years old, gathered by myself. 

2. Prime seed, two years old, obtained in market fresh 
and kept in laboratory. 

3. Prime seed, obtained of P. Anderson & Co., proba- 
bly two years old. 

4. Prime seed, two years old, grown in Otero county, » 
(je; Gauger). “h 

5. Prime seed, three'years old (J..E. Gauger). 

6. Prime seed, six years old, obtained from Professor 
Crandall, whose record shows that this seed was obtained 
from P. Henderson & Co., of New York, through the De- 
partment of Agriculture at Washington, D. C., in the 
spring of 1891. This sample had been kept for most of this 
time in a 2-0z. bottle, exposed to the light in a show case. 
The seeds were discolored, reddish brown, and emitted a 
rancid odor when poured out for the purpose of mixing. 
I, of course, have no record of the variations in tempera- 
ture to which these seeds had been subjected, but they were 
certainly great. Their state of moisture varied, also, but 
probably less than any other external condition. 

7. Screenings, first quality,one year old, (J. E. Gauger). 

8.. Screenings, first quality, two years old, (J. E. 
Gauger). 

9. Screenings, first quality, three years old, (J. E. 
Gauger). 

_ 10. Screenings, second quality, two years old, (J. E. 
Gauger). 

_ Il. Screenings, third quality, one year old, (a 
Gauger). te 

rhe following tests of these seeds were made with 
such facilities as are at the command of every farmer. A 
Pet ae with map paper to about 
Sa Pisced ee : a : One unti 4 was quite even. On 

S were plac e disks of ordinary blotting paper ; the 
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seed were strewn upon the upper one of these disks and 
covered with two similar disks of blotting paper and one of 
cardboard. The crumpled paper was thoroughly wetted, 
the disks and seed put in place, and enough water added 
to fill the bottom of the tumbler to the depth of about half 
an inch, and placed on a box behind the sitting room stove. 
The water that evaporated had to be replaced, and required 
the addition of a tablespoonful night and morning. The 
tests were continued for fourteen days; the record ‘is as 
follows :— 

RESULTS OF SPROUTING EXPERIMENTS. 
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The seed designated as “left” or hard seed,make from 
1.5 to 9 per cent. of the samples of prime seed and from 1 
to 12 percent. of the screenings. These seem not to im- 
bibe water for a long time, but eventually they do when 
they swell and sprout in large numbers. The hard seed 
remaining at the end of the sprouting tests were put to- 
gether and the test continued for an addional twenty days, 
when 78 per cent. of them had sprouted, 13 percent. rotted, 
and 9 per cent. were still left. This explains, in part at 
least, the observations that some alfalfa seed seems to lie 
dormant for a time. 

The sprouting tests were continued for from 13 to 16 
days, but a sufficiently accurate estimate of the germinating 
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power of the seed could: have been formed by the end of — 


the third day, as the following shows:— 


THE NUMBER OF SEEDS WHICH HAD EITHER ROTTED OR SPROUTED 
AT THE END OF THE THIRD DAY. , 


Per cent. 

Prime ‘seed; two: years. old 7.0 We 87.00 
Prime seed; six: years old: yay ine 80.50 
First quality screenings, one year old..... 84.00 
4c cc “ee two “ce 4¢ : . 85.00 

: es : threes ck . 85.00 
Seconds: 3 CWO See ROR LOO 
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There is a considerable difference in the readiness with 
which the different samples of the same age germinate, 
more even than between samples of different ages. The 
quickest of the eleven samples to germinate was the one 
six years old. The results are positive in showing that the 
age of the seed up to six years old does not effect their 
germinating power. In regard to the vitality of the plants 
produced, I have made no observations, but so far as I 
could judge from the vigor with which the seeds sprouted, 
I would say that it depended upon the seeds themselves 


rather than upon their age; the seeds of some samples 


being obviously stronger than those of others, and each 
sample showed this difference between the individual seeds. 

These tests and observations also strengthen the claim 
made that in practice screenings produce as satisfactory re- 
sults as prime seed. Taking it on the basis of the germi- 
nating power in the most unfavorable sample, second 


quality screenings two years old, with only 38 per cent. ger-_ 


minating, we have, where twenty pounds of seed are sown 
to the acre, 1,325,532 plants, and assuming that one-seventh 
of them live, there would be 189,361 plants to the acre, or 
over four to the square foot, a sufficient number surely to 
produce a maximum crop. Itsometimes happens that it is 
necessary to re-sow a field the second year, even with 
twenty-two pounds of seed per acre. Such failuresare not due 
tothe quantity of seed nor to the germinating power. I do 
not believe that it would happen oftener with eleven 
pounds to the acre than it does with twenty. It is not my 
province to seek the causes of such failures, but I think I 
have adduced sufficient proof that it does not lie in the 
germinating power of the seed. 


ROOTS OF ALFALFA, 


Phat this plant is an exceptionally deep rooting one, 
has been recognized by every writer on the subject, as is evi- 


denced by the statements to be found scattered through the 
literature on this subject ascribing a length of ten, fifteen, 
thirty-five, and even more feet toits roots. The popular 
estimation of their length has been and is equally appreci- 
ative of their power to penetrate to considerable depths. 
The size attained by the roots has also been stated to be 
large, but the writer does not recall having seen any figures 
given to convey a definite idea of the size actually 
attained under stated conditions of soil, age of plant, culti- 
vation, etc., but rather that the root is atap root, large and 
fleshy, “resembling a carrot” more or less,or is represented 
as forming a symmetrically formed but inverted cone, in 
which system the tap root is, as a matter of course, the 
longest and central portion or axis. 

The size of alfalfa roots is not so great asthe usual ad- 
jectives used in describing them would lead one to infer. 
[t is a strong root, but is under one-half inch in diameter, 
rather than above it. This statement is true of the plants 
when grown ina deep, sandy loam, under favorable con- 
ditions as to irrigation and climate, including mild winters. 


Larger roots have been observed by the writer, but there 


have been special conditions obtaining wherever this has 
been the case and these roots represented the size which 
the alfalfa root may attain, and not the average size which 
they actually do attain when growing in ordinary soil, and 
standing thick enough to produce, say 3 1-2 tons of hay per 
acre, with three cuttings annually. The largest root meas- 
ured by me, was 2.82 inches in diameter, being nearly circu- 
lar in section, though not quite; its largest diameter was 
rather more than three inches. An examination proved 
that this was an anomalous root... For some reason, 
not discovered, the tap or central root was short, not ex- 
ceeding 1 1-2 feet, at which point it divided, giving rise to 
several rather small branches which were not followed as 
they spread owt, running several feet almost horizontally. 
This dividing could not be attributed to the roots having 
encountered a hardpan or other obstacle, for the soil at 
‘this depth was uniform in hardness above and_ below the 
point of spreading. 1 have seen several very large roots, 
but have found upon digging them: out, that they were 
in évery case short and at variance with what seems to 
be the normal type. 

The root system of this plant, growing in our soils, 
is exceedingly simple and is shown in the plates. The 
roots represented, are from three different counties, the 
soils varying from sandy loam to heavy clay. They 
show a marked permanency in type of development in a 
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simple tap root, running down to from three to five feet 
and then sending off a few side roots, or rather 
dividing into a few branch roots about qual in 
size and length. These branches do. not, as a rule, de- 
viate more than afew inches from the course pursued 
by the tap root before division. I have in no case found 
a system of small roots starting out below and near the 


crown, extending laterally for several feet and then turn- 


ing downward, forming a symmetrical conical system, 


whose broadest part was near the surface. The absence. 


of such roots was a matter of note to me, but after hav- — 


ing observed it in upwards of three hundred and fifty 
instances, I was satisfied that it was a habit of the plant. 
In cases where I found any root or roots setting out from 
the tap root immediately under or near the crown, they 
were large, usually as largeas any of the roots formed by 
the branching of the tap root, and in every instance in 


which I was able to follow them to the end, they extended | 


to almost or altogether as great a depth as the tap root it- 
self or any of its divisions. When such side roots occured, 
we found but few of them, as a rule only one or two. This 
is well shown in one of the plates. The tap root, as well as 
all its divisions, are remarkably smooth and free from fibrous 
roots. The tap root is often perfectly smooth, save for the 
wart-like excressences on it, caused by its symbiotic mi- 
cro-organisms ; so much so that it can be removed after 
having been properly exposed, leaving a perfect cast of the 
root in the undisturbed soil. Close investigation of the 
adjacent soil has failed to show small roots even a few 
inches in length, such as may be found practically possess- 
ing the ground for many inches—twenty or more—about the 
vetch, tomato, or almost any of our garden plants. It may 
be stated here that the plants studied had not been culti- 


vated, that is, the soil about them had not been disturbed © 


from the time the seed was planted until the plants were 
dug up, except in cases where the fact will be explicitly 
mentioned. 

_ The absence of these small fibrous roots has been and 
still is perplexing, as it was anticipated that such a vigor- 
ously growing plant would be well supplied with such, each 
provided with its spongiole to provide the plant its néces- 
sary sustenance. While the number of spongioles found 
was in the aggregate large, it was much smaller than ex- 
pected and the spongioles were at the extremities of the 
roots themselves and almost exclusively at a depth corre- 
sponding to that attained by the root. This observation is 
in perfect accord with the usual statement that alfalfa is a 
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deep feeder and furnished a very convenient explanation 
for the observed effect of an alfalfa rotation upon an ex- 
hausted soil; but it is contrary to another fact which has 
also been observed, i.e., that alfalfa responds quickly to 
top dressings of fertilizers, barnyard compost and ashes be- 
ing the fertilizers here referred to. Other fertilizers may 
produce equally quick and marked effects, but reliable ob- 
servations have been made with these two. The spongioles 
were found mostly at or near the depth reached by the tap 
root. The formand sizeof it varied greatly. It was asa 
rule cylindrical, from one to one and a half inches long and 
terminated by a rather stiff hair-like projection. The root 
leaving it was much smaller than the spongiole for several 
inches behind it, and, consequently, was growing ina free 
space made by the extending spongiole. The amount of | 
work done by the plant in this manner is very great. While 
the cylindrical form prevails, others also occur, a double 
cone shape being quite common. As already intimated, 
these were not found in large numbers near the upper part 
of the roots; and at no other point except where the soft- 
ness of the ground and a greater abundance of food encour- 
aged their development. Such conditions were found, for 
instance, in refilled prairie-dog holes which were always 
crowded with them and in places very thickly so. 


THE DEPTH ATTAINED BY. THE, ROOTS. 


The depth to which the roots penetrate and at which 
they feed varies, asa matter of course, with the soil ; and in 
cases where the permanent water table lies within twelve 
feet of the surface, with this also, as the roots do not accord- 
ing to my observations enter the water fora greater dis- 
tance than from four to eight inches. The popular notion 
that the roots cannot endure the water, but cease to grow 
and decay as soon as they reach it, is not substantiated by 
observation. They do cease to extend further downward, 
but alithat Ihave had opportunity to observe were healthy 
and vigorous. I entered the permanent water plane at two 
localities where I dug out the roots. In one instance the 
water was alkaline (Jas. Whedbee’s place, 1% miles from 
Fort Collins) ; in the other (Rocky Ford, Otero County) the 
water, an analysis of which will be given later, was as bitter 
as asolution of Epsom salts. The roots, however, penetra- 
ting it were not dead. In the former case the water was 
only six feet seven inches and in the latter twelve feet from 
the surface. The roots do cease to descend, as would be ex- 
pected, when they reach permanent water; but they do not 
onthe other hand continue their downward growth under 
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all circumstances until they reach permanent water. In 


choosing a place at which to dig up alfalfa roots, several p: 
things had to be considered, especially as my original plan 
was, after having found plants of some age, to make an ex-_ 


cavation of sufficient size and depth and then to remove the 
plants by washing away the soil. I succeeded in finding the 


plants and water favorably located, but a little examination 


of the manner in which the soil had withstood the action of 


the waste water from an irrigating ditch suggested that it 


would be utterly impractical to wash out the roots; and this 
was thecase. The site chosen was about twelve miles from 


Fort Collins, on the place of Mr. J. H. Walter, in Weld 
county, at a point where aditch had been cut through a hill, 
making a cut at the deepest point of rather more than 
twelve feet with a flume crossing it at this point. The lake, 
or reservoir which the ditch had been cut to empty had not 
been filled, so I was informed, for several years and the soil 
at the bottom of this cut had had no other than rain and 
snow water to wet it in that time. I do not know at what 
depth the water plane lay at this point; but unless the water 
plane was somewhat above the level of the water in the lake 
near by, which, after making allowance for the damming 
back of the water in the soil, seemed to me very improbable, 
it must have been a good way below the bottom of the cut, 
so that the roots had most favorable conditions to seek it if 
they did not get enough moisture otherwise. These plants 
were either five or six years from the seed, were growing a 
few feet from the edge of the cut, were exceptionally vigor- 
ous, and were at that time in full seed, not having been cut 
that season. I do not know how much water they had re- 
ceived, but judging from the condition of the corn and al- 
falfa growing within a few feet of them, the supply had not 
been very liberal, and I inferred that they owed their luxu- 
riant growth to the fact that it had probably been made 
during the time of early rains and to their advantage of 
position, in that they were growing ina little sag in the 
surface of the ground. A section of this soil was as follows: 
about three inches of blown dirt, leaves, dead stems, etc., 
from previous years; in other words, soil made about the 
plant subsequent to their establishment there: then followed 
twenty-one and a half inches of a black, compact soil which 
had not been disturbed by the plow except very superfici- 
ally. This was so firm and tough that it had to be removed 
with a pick. Succeeding this was six inches of a white marl; 
next a calcareous clay, three feet: then a hard, tough clay of 


three inches, followed by a rather sandy clay of three feet 
thickness; 


and then a second band of tough, hard clay, three — 
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inches; and lastly a finesand. This soil from top to bottom 
was only slightly damp, and the sand and sandy clay in the 
bottom of our excavation was as dry as any portion of it ex- 
cept the very top. These roots were the largest that I have 
ever seen anywhere and supported the most luxuriant 
growth of tops. Thecrowns were large and the stems were 
very tall, measuring five feet three inches. The streaks of 
hard clay had not caused the roots to spread out and seek 
the contact between it and the softer soil, but it had caused 
them to double upon themselves, to twist and knot, 
and then run horizontally for some inches when they 
changed their course and descended again. It was almost 
as difficult to get them out of this without cutting or break- 
ing as it had evidently been for them to make their way 
through it. [ did not observe a single instance in which the 
root had divided in penetrating these hard layers. These 
plants sent their roots down eleven feet nine inches, with 
their ends, for the most part, in a fine sand; but the deepest 
ones were inasandyclay where they would have had com-* 
paratively little work in penetrating to a greater depth, and 
it was not the abundance of moisture which caused them 
to cease growing. 

The next place where I undertook to dig up roots was 
between an irrigating ditch and a railroad cut. Quitea 
large quantity of clay had, at a previous time, been taken 
from this point for the manufacture of brick. The char- 
acter of the soil was almost the same from the top to the 
bottom; here the roots, were not gnarled asin the preceding 
instance, and they attained a length of twelve feet three 
inches, with their ends in soil just as dry as that through 
which they had passed. Though these roots were longer by 
about six inches than those from Mr. Walter’s place, they 
were much smaller,their diameter being not more than two- 
thirds of that of the former; but they were still above the 
average. The age of these plants was either six or seven 
years. hese are all the observations that we have had 
opportunity of making upon the effect of the depth of the 
water plane upon the length of the alfalfa roots. Weare 
convinced that, when it is encountered by the roots, it prac- 
tically determines their length; but when it is not actually 
encountered, its effect is problematical. If for any reason 
the depth of the water plane should be permanently less- 
ened, as is the case when the higher land about a_basin- 
shaped area is brought under irrigation, or irrigation water 
is increased, it would undoubtedly have a very serious effect 
upon the alfalfa, even to the killing of itifit should rise 
nearly or quite to the surface, especially if stagnant. 
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The water under the Whedbee field had a very strong 


flow; that under the field at Rocky Ford did not appear 
to have any; it wasso far from the surface, however, that 
its effect would aot be that of water filling up a_basin- 
shaped area, and immersing the roots, in which case they 
would die out and rot. 


EFFECT OF AGE UPON THE SIZE OF ROOTS. 


There is no other point on which our observations are 
so at variance with one another as they are on this point. 
While we have not seen any young plant having a root so 
large as those mentioned from Weld county, we have seen 
many roots of six-year-old plants smaller than roots of other 
plants which we knew to be only nine months old. It can 
be stated in a very general way only, that one may expect 
larger roots among older plants than in a young stand. One 
of the chief causes of this is the fact that there is a natural 
process of thinning out, and the remaining plants have more 
room to grow and perhaps can avail themselves of the re- 
mains of the dead plants as a fertilizer. 


DEATH RATE. 


How fast this thinning out process takes place is diffi- 


cut to answer. If there is any rule I have failed to observe 
it. In one instance I compared the casts of dead roots with 
the living ones in a piece of alfalfa five years from seeding, 
and the ratio of two to one seemed to hold good for the 
dead to the living plants. This is evidently open to ques- 
tion as to whether I could recognize the remains of plants 
that had been dead for several years, three or more; 
second, as to whether this ratio would hold for other 
soils as the death rate will vary under different conditions. 
The productiveness of this piece of alfalfa had not deteri- 
orated very much and the variation in its tonnage may 
have been due to other causes than the dying out of a 
portion of the plants. This loss in number of plants is 
compensated for in part or wholly by the increased size at- 
tained by the remaining crowns. In the case of young 
plants or those crowded on account of the thickness of the 
stand twelve or fifteen stems may arise from a single crown, 
while crowns standing alone, i. e., occupying from six to 
eight or more square feet of surface, will throw out almost 
any number of shoots. I have counted as many as one hun- 
dred and sixty-one, and see 1 
had thrown out many more. For this reason I do not con- 
sider it of much importance whether the rate of dying is 
slow or rapid within reasonable limits and provided the 
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dying out is not confined to certain spots. There are two 
ways in which these plants perish: one is, that for some 
reason or other, the root just below the crown rots off, leav- 
ing the lower portion of the root perfect in every respect, 
so far as is evident to the naked eye. This is not appar- 
ently due to age or exhaustion of the vitality of the plant. 
The second manner in which they perish is due to age and 
other causes. If the stubble of the second year be examined 
_ by splitting it open down to the crown, there will be ob- 
served at the node above the crown a blackening of the tis- 
sue and also that it gradually extends downward into the 
root itself. It begins in this manner and continues until 
the whole center of the crown has been destroyed. The 
new shoots come out from the outside of the crown under 
the old growth and are in communication with the outer 
portion of the root and not with the interior vascular 
bundle. The central portion of the crown and interior of 
the root may be entirely destroved to a depth of eighteen 
inches or more. This cavity serves as a nesting place fora 
variety of larve, but they have no direct part in causing it. 
The decay finally extends to such an extent that it involves 
the whole: neck of the root,and the plant perishes. This 
condition can be found in alfalfa of different ages. I have — 
in mind one fie!d,about seven years old, where the roots are 
large and nearly all of them are more or less affected in this 
way. I know of another six years old where the stand is 
extraordinarily thick and the roots small, and so few of 
them show this that one may say the roots are perfectly 
healthy. The former piece is on land which is rather low, 
with the water table about seven feet from the surface; the 
latter is on high land. The distance of the water table 
from the surface does not seem to be the sole cause of this 
dying, for I have observed it in plants growing in ground 
where the water table was probably not less than twelve 
feet from the surface, as this was its depth on a neighboring 
farm. This condition of the roots is illustrated in plates 
XV, XVI and XVII. The crown does not generally perish all 
at once, but is broken up into parts which die successively. 
The field from which the plants represented were taken yield- 
-ed about three tons to the acre last year,and is, according to 
the best information I could obtain, over ten years old. ‘Vhe 
stand in this field is not much over one crown to the square 
foot, and the remains of many plants which have died 
within the past few years are still easily recognized. 

The alfalfa root when destroyed below the crown does 
not throw out new buds and re-establish the plant, as many 
other plants do, and its ability to repair an injury to its 


roots by throwing out adventitious roots seems to be very 
moderate. Ihave seen but few roots that have been eaten 
off by the pocket gopher or cut by the plow where it has 
calloused and thrown out roots which would be efficient in 
sustaining the plant if it had to depend upon them. I did 
not observe many with any roots produced in this way, but 
I have seen a few. 


ALFALFA ROOTS CUT BY GOPHERS. 


In a piece of bottom land near the Cache-a-la-Poudre 
river, I found a piece of alfalfa which was infested by these 
animals, and an examination of these roots showed that 
eighty per cent. of the plants had their roots eaten off, and 
this was doubtlessly the cause of the death of some of the 
plants, but they endured this severe root pruning to a sur- 
prising degree. . 


NODULES ON THE ROOTS. 


Nodules appear on the roots in three forms: as warthy 
excressences mostly near the neck; as single nodules on 
small roots, and united into large colonies. The first form 
appears at shallow depths and whether these are identical 
with the others or not, they cease to appear on the roots at 
greater depths; while the third was found most abundant 
from three to five feet from the surface, and the second at 
all depths up to eleven and a half feet. There wasa very 
great difference in the number of these on the roots at 
different localities though the plants seemed to be equally 
vigorous, and the proteids in the hay did not vary materi- 
ally. They were found much more abundant on the plants 
grown in a garden soil, and also much nearer the surface 
than in the fields. The development of the colonies illus- 
trated most vividly the influence of the alfalfa roots as mex 
chanical agents for opening up the soil and admitting the 
air. I frequently found the passage left by the decayed 
root entirely filled by a colony or group of these nodules, 
whose axis agreed with the axis of the hole left by the root. 
Groups were almost invariably found occupying such pass- 
ages or other cavities or clefts in the soil: while the single 
nodule was found scattered anywhere along the course of 
the root from the surface of the soil to the end of the root. 
] late Nove Xt. shows some of the nodules as they occur 
near the extremity of the roots; these roots were about 
oo feet long. Plate No. XIV. shows large groups of them 
Sea ee non aie and a half to five feet 
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nodules were nearly spherical and were from an inch to an 
inch and a half in diameter. Some were irregularly hemis- ° 
pherical and nearly two inches long. Others resembled the 
antlers of a stag, some of the individual portions having a 
length of more than half an inch. Compared with the 
nodules on the vetch and red clovers, as they grow in our 
soils, the alfalfa is but poorly supplied with them; this is 
particularly true with some of the vetches, but the groups 
of these nodules are incomparably larger on the alfalfa. 
The branched groups occur on the vetches as well as on 
tie alfalfa. 

Some of these groups were submitted toa partial analy- 
-sis. The samples were obtained from plants growing ina 
rich, dark loamy soil. The groups were found about three 
and one-half feet from the surface and rather more than 
this from the permanent water below. - They were washed 
to remove the sand and dried between filter paper. The 
nodules contained 61.67 per cent. of moisture and the dried 
material 5.725 per cent. of nitrogen; while the bark of the 
roots contained 2.25 per cent. nitrogen. This included any 
nodules which chanced to be on the bark. No attempt was 
made to avoidthem. ‘The washing of both the roots and 
the nodules was quite unavoidable. There is no doubt that 
the composition of each was altered by the process; not 
enough, however,to materially detract from the significance — 
of the results. The effect of washing the roots is described 
elsewhere. 


RATIO.OF THE ROOTS TO THE TOP. 


The largest root which I dug up, was twelve feet six 
and one-half inches long, and the average diameter of all 
the roots measured (150) is one-half inch at the crown, and 
one-third of an inch, six anda half to seven inches below 
the crown, or at the average depth of plowing. The tops 
onthe other handat a period of their growth vary even 
more than the roots do, yarying exceedingly asto the 
number of individual stems, and these vary even more in 
their thickness, leafiness and hight. Ina plant of one sea- 
son’s growth, having but few stems and these slender, the 
root may be several times heavier than the top; and on 
the other hand the top of a favorably located plant may at- 
tain a weight of from four to seven and even more pounds, 
green weight, while the root will seldom exceed a pound. 
Our heaviest root weighed 418 grams, equal to about 
thirteen ounces, and was nine feet nine inches long 
Taking the average of all the plants ‘which we have 
weighed, we find the ratio of roots to tops to be 1: 1.3. 
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This at best can only be considered an approximation; first, 


- for the reason stated above; second, because it is almost 


impossible to remove plants of the size of the ones with 
which we had to deal without loosing some leaves and 
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stems, and still more difficult. to get their original weight; ~” 


far, do the best we could, evaporation from both roots and 


tops took place, though they did not show wilting to 


any extent. We weighed thirty-two plants, and the difh- 
culty of the task may be appreciated in some measure when 
it is considered that the shortest plant handled, counting 
root and top, measured nine feet nine inches. The weight 
obtained for the roots is very nearly correct; while the 
weight of the tops is far too low, for the plants were al- 
ready inseed when they were dug, and the loss by breakage 
and falling off of leaves was large, and to this is to be add- 
ed theloss due to evaporation, which was unavoidable, as 
many of the plants which we weighed were secured twelve 
miles from the laboratory. There was no way of deter- 
mining this loss, and we have no basis on which to esti- 
mate it. The closest approximation that we can make is 
on the following basis : first, assuming that the roots which 
we weighed were representative, we find their average 
weight to be 106.5 grams, green weight ; second, we are 
justified by actual count in assuming that a good stand of 
five-year old alfalfa has about 140,000 plants to the acre; 
third, experiment indicates that the stubble is equal to 
about one-sixth of the green crop; fourth, five-year-old al- 
falfa referred to cut two and one-quarter tons of hay to 
the first cutting last year (1895), or 5,000 pounds, adding a 
loss of about twenty per cent. Seventy per cent. of the 
green crop is water, and thirty per -cent. hay. All 
these data are based upon determinations made with as 
much accuracy as the subject will permit. Before proceed- 
ing with this calculation, it should be observed that the 
weight of the roots of the smaller plants exceeds the 
weight of the tops, sometimes being over three and one- 
fourth times as heavy. If the smaller ones are nearer-the 
average, asis probably the case, the weight of the roots 
will exceed that of the tops of any single cutting. 


Basing our calculations on these results, we have 
the two and one-half tons of hay, corresponding to 16,666 
pounds of green crop; now adding one-sixth for stubble, 
SIVEs us 19,443 pounds, or 9.72 tons. With 140,000 roots, each 
weighing 106.5 grams, we have. taking one pound as equal 
to 453.4 grams, which is near enough for our purpose, a 
total of 16.44 tons of roots, ora ratio of 1.69: 1 for the 
roots to the total tops produced at this cutting, which 
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means that itis more than the average alfalfa plant on 
which the top equals or exceeds the root in weight. 


STUBBLE. 


Two efforts were made to determine the ratio of the 
stubble to the crop removed where the stubble includes the 
roots to the depth that they would be.cut by the plow and 
_thestems to the hight left by the mowing machine. In the 

first attempt the ratio of the stubble to the tops was de- 
termined by cutting off the plants at the depth of six or 
seven inches below the crown, weighing the whole plant, 
and then removing the top about asa mowing machine 
would cut itand weighing each. In this manner-we would 
detect any loss if it occurred. The result of this method 
was that we found the ratio of 1:1.4 for the stubble to the 
green cropascut for hay making. The second method 
was by plowing up a small piece of alfalfa five days after it 
had been cut, picking out the roots, and weighing them. 
The result of this was, allowing two and one-half tons for 
the total dry matter cut off of one acre at first cutting, that 
we obtained the ratio of 1:1.69.. The agreement here is 
better than we expected, as the plants in the first case were 
all large, and, growing singly, and had larger than average 
crowns; while the second observation was made upon a 
field with a good stand in which the plants were crowded 
compared with the others. We are not far from the truth 
when we assume that the stubble turned under after the 
first cutting bearsthe ratio of 1:1.5 to the green crop re- 
moved, or is equal to two-thirds of the green alfalfa which 
has been cut, assuming that there has been no loss by fall- 
ing off of leaves, breaking off of stems, etc.,to which sub- 
ject reference has already been made. | 

Three plats of 675 square feet each were plowed up at 
the end of April (April 28-29-30), and the stubble carefully 
picked out and weighed. On May 26, after having been 
kept for upwards of three weeks in the laboratory, the re- 
sults obtained were, for Plat No..1, 526,793 plants to the 
acre, ten years old, and 3.34 tons stubble. Plat No. 2, 
333,514 plants to the acre, one year old, .81 tons. Plat No. 
370,238 plants: to:the acre, ‘ten years Old, 2.55 tons. of 
stubble peracre. Omitting the one-year-old plat—no one 
would plow up a good stand of one-year-old alfalfa .under 
ordinary. circumstances—we have an average of 2.94 tons 
of air-dried substance per acre. On a subsequent page, 
under the manurial value of the stubble, it will be seen that 
we assume the amount to be 2.86 tons for plants five years 
old. This quantity was arrived at by accurately weighing a 
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small number of plants and estimating the total quantity. 
The agreement of the results by the two methods leaves — 
nothing to be desired. The increase in the amount of stub- — 
ble after the first year seems to be large, but it is not al-— 
ways so pronouced as appears from the above figures. I 
have seen one and five-year-old roots nearly equal in size, 
but the crowns of the plants five years old were much 
the larger. 


COMPOSITION OF THE STUBBLE. 


The stubble, of which an anslysis is herewith given, was 
obtained in the first effort to determine the ratio of stubble 
to the tops, already referred to. The plants were in seed 
at the time of cutting. : 
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ASH CONSTITUENTS IN I,000 POUNDS AIR-DRIED STUBBLE, 


| The following table gives the pounds of the various 
components of the ash in each one thousand pounds of air- 
dried stubble on the basis of 4.24 per cent. of ash: 
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COMPOSITICN OF THE ROOTS. 


It was hoped that we would find time to submit the 
roots to a chemical investigation, but no other than the fod- 
der analyses and analyses of the ashes of the bark, the in- 
ner portion of the root, and the whole root have been made 
Trouble was met in preparing a sample of the foots At 
first we endeavored to clean them by washing and wiping 
This method proved inapplicable, for, as was noticed. the 
roots when moistened became sticky, absorbed water 
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greedily, and yielded a large portion to the wash water. 
Wiping with a wet cloth was also tried and finally rubbing 


with a brush was resorted to. This was the only practica- 
ble method, though it left much to be desired. 


The green roots dried to a constant weight in the air 
gave 60.41 per cent. moisture and 39.59 per cent. of dry mat- 
ter. The roots in sample No. 17 were from Weld county; 
No. 17-a Larimer county. 
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The difficulty in preparing our samples suggested the 
following experiment: The roots were exhausted with hot 
water, the solution filtered, and evaporated to dryness. The 
residue, dried at 100 degrees C., amounted to 36.2 per cent. 
ofthe weight of sample No. 17.and to 45.3 per cent. in sam- 
ple No. 17-a. A similar experiment with another sample 
showed that 44.23 per cent. of the total ash constituents 
were taken into solution. These facts show why washing 
the roots is inadmissable; also the extent to which the dead 
roots will give up their mineral as well as a portion of their 
organic matter to the soil waters, whose action is probably 
still greater than that of distilled water. Nothing was done 
towards determining the nature of the dissolved subtances 
except that their reducing power was determined by 
Fehling’s solution. It corresponded to 12 per cent of sugar 
in the dried extract. This amount was not increased by 
boiling with sulphuric acid, with the usual precautions taken 
in the conversion of starch into sugar. The filtered extract 
seems not to have contained starch. The aqueous extract 
of the roots is acid toward litmus. It is possible that the 
sugar was produced by the action ofthe acid solution on the 
starch. JI have expressed this reducing power in terms of 
sugar because it is convenient, not because it is known to 
be. due to sugar. The taste of the roots in early spring is 
first sweet and afterwards bitter; the bitter taste is much 
more marked when the plant is more active. Cattle and 
hogs are fond of the roots, and I am informed, that horses 
also, readily acquire a liking for them. 
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ASH CONSTITUENTS IN 1,000 POUNDS OF AIR DRIED ROOTS. 
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It is unfortunate that samples No. 17 and 17-2 are not 
portions of the same larger sample. They are roots ob- 
tained at the same place, but not at the same time. The 
same is true of No. 17-a, and 17-a-2. A comparison of the 
results indicates that the acids and the alkalies are removed 


from the roots in large quantities by washing them. This 
operation did not last more than ten or fifteen minutes at — 
the longest and consisted in immersing them in water with - 


gentle rubbing, until the dirt was loosened and then wiping 
them with a towel. The result in regard to lime is doubt- 
ful, as sample No. 17-a-2 contains jess of this substance 
than the washed roots from the same place. Because of this 
doubt, a portion of sample No. 17-2, although it had lain in 
the laboratory about five months and the solubility of its 
ash constituents had possibly changed, was treated with 
tepid water, the extract evaporated to dryness and inciner- 
ated with the same precautions which had been taken in 
the preparation of ash from other samples. A partial analy- 
sis of this ash was made with the object of corroborating 
the results of the preceding analyses. The results are cal- 
culated on 1,000 pounds air-dried matter as before; on the 
basis of 1.6 per cent. ash dissolved out, 1,000 pounds yield 


to water sixteen pounds ash, containing 11.99 pounds fixed 
ash ingredients. 


ASH OF AQUEOUS EXTRACT. 
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* Not determined. 


Showing that even a larger proportion of the phos- 
phoric acid, sulphuric acid, and particularly of the potash, 


went into solution under these conditions than the ‘preced- 
ing analyses indicate as probable. 


MANURIAL VALUE OF THE STUBBLE. 


Others have shown the fertilizing value of alfalfa hay, 
as grown in the east without fertilizers,to be $9 per ton, and 
when grown with fertilizers, $10.84 per ton.—Mass. State 
Rep. 1888, p. 165. Our farmers can not afford to turn under 
a crop ofalfalfa preparatory to seeding to wheat or planting 
to potatoes, even if they get only from two to six dollars per 
ton for the hay as fodder, but they can afford, (and it 
would be good practice) to break up their alfalfa, say every 
six years, for at this age the average field has passed its 
maximum yield, and put in some other crop. To break up 
a field of alfalfa is a different task from breaking up one of 
clover or a timothy sod. Inthe case of clover it may be al- 
lowed to make a considerable growth in the spring before 
being turned under. This is not the case with alfalfa, for if 
the plant is allowed to stand late enough to make a growth 
sufficient to be of value asa green manure, or in fact any 
considerable growth, the toughness of the roots makes it 
difficult to break up; therefore, any attempt to estimate 
the manurial value of alfalfa in a field from a practical 
standpoint ought to be made on the basis of the stubble and 
roots taken while the plant is dormant. Our stubble was 
taken when the plant was active, and perhaps at the height: 
of its activity, and our results are correct only for this 
period. We find the amount of stubble taken to a depth of 
about six and oné-half inches to be 11,812 pounds per -acre, 
and the moisture which this gives up in drying in the air to 
be 51.57 per cent. This moisture is undoubtedly rather low, 
and consequently, the air-dried material too high, due to 
the fact that our sample had lost water before it was possi- 
ble for us to begin the determination. According to the 
preceding we obtain 5,720.8 pounds, or 2.86 tons air-dried 
matter per acre. Each ton of 2,000 pounds contains 8.31 
pounds of phosphoric acid, 15.52 pounds of potash, and 
36.37 pounds of nitrogen which, at fifteen cents per pound 
for the nitrogen, tive and one-fourth cents per pound for the 
potash, and five cents per pound for the phosphoric 

acid, give the total value of the stubble at $19.28 per acre, 
- $6.75 per ton for the stubble. The three substances men- 
tioned are the ones to which it is customary to assign a 
money value. These are notthe only elements which are 
returned or added to the soil by this manner of green 
manuring, nor have we in the preceding estimate the 
whole of these. We have stated that we included only 
the first six and one-half inches of the roots, the rest of th 
roots corresponding to 5.14 tons of air-dried matter per 
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acre, is left below the assumed depth of six and one-half 
inches. ga ee . as 
MANURIAL VALUE OF THE ROOTS. . . 
The manurial value of this portion is not equal pound — 
for pound to the stubble, still it is by no means a negli- 
gible quantity. The nitrogen is equal to 14.98, practically 
15 pounds per ton of 2,000 pounds; the phosphoric acid 
4.45 pounds, and the potash 14.25 pounds ; or stated differ- 
ently, thereis less than one-half as much nitrogen, one- 
half as much phosphoric acid, and about the same amount 
of potash in the roots as in the stubble, the first six 
inches of the roots being taken with it. On the other 
hand, while there is 2.86 tons of air-dried matter in the 
stubble, there is 5.14 tons in the rest of the roots, making 
them about equal to the stubble in the total nitrogen and 
phosphoric acid contained,and twice as rich in potash; or ex- 
pressed in dollars and cents, the value of the roots below 
six and one-half inches, and to an average depth of ten 
feet, is phosphoric acid, $1.14; potash, $3.84, and nitrogen 
$11.60, a total of $16.58 against $19.32 for the stubble, mak- 
ing atotal value per--acre for the portion left after re- 
moving all the crop above ground of $35.90. In estimat- 
ing this value all the other constituents of the ash and 


-the organic matter have no value signed to them; 


whereas we know that the organic matter, par-— 
ticularly for our soils, has a comparatively high value, 
and the other ash constituents presumably in a more fa- 


_vorable condition for absorption by other plants than they 


are in the soil, can not be indifferent, though it is not 
usual to place any value upon them. 

It may be questioned whethera large portion of the 
plant food stored in these roots does not lie so deep that it 
is beyond the reach of ordinary crops, such as potatoes 
and wheat. Whatever the answer of this question may be, 
it isa well attested fact, that the yield of wheat on alfalfa 
ground is often doubled and always greatly increased ; and 
while the alfalfa is an exceptionally deep-rooting plant, no 
violence is done to observe facts inassuming that the roots 
of the wheat stimulated by the presence of plant food in 
certain channels left open by the decaying of the alfalfa 
roots, may penetrate to greater depths than they do when 
the food is disseminated evenly through the soil. The 
roots,of the wheat plant, however, have been’ observed to 
penetrate to the depth of seven feet—Schubart cited by 
Johnson, “ How Crops Grow,” page 264—which is as deep 


as a large percentage of the alfalfa roots penetrate into 
our soils. pe 
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It is necessary in this connection to distinguish between 
the roots and the soil in which they have grown, for while 
the roots contain, as we have seen, a large amount of plant 
food, particularly nitrogen, it does not follow that the soil 

itself contains as much « of this element as it did before the 
alfalfa was grown init ; in other words, if the alfalfa roots 
were removed, the soil might be poorer in nitrogen as it 
certainly would be in other elements of plant food. If the 
amount of nitrates in cropped soils be taken as the measure 
of available nitrogen ina soil, alfalfa exhausts a soil faster 
than many other crops. Aikman,i in “ Manures and Manur- 
ing,’ page 157, quotes the amount of nitrates found in 
cropped soils per acre (Rothamsted soils), from which it 
appears that there is the following amount of nitrogen as 
nitrates in each acre of soil taken to the depth of nine feet: 
In soil cropped to white clover, 102.8 pounds; to vetches, 
54.6 pounds; to wheat, after fallow, 18.4 pounds, and to al- 
falfa, 17.0 pounds. It is further shown for the.soil cropped 
to alfalfa, that while the first nine inches of soil contains 
. 8.9 pounds per acre, the last nine inches taken, that is, from 
eight feet three inches to nine feet, contain only 0.4 pounds; 
while in the soil cropped to white clover there is at the 
same depth (eight feet three inches to nine feet), 10.0 
pounds, showing how great a draft the alfalfa had made 
upon this form of nitrogen in the soil. 

There is a suggestive fact shown by the figures of the 
table as quoted, i. e., the first nine inches of soil contain - 
after vetches a trifle less than one-fifth of the total taken to 
the depth of nine feet, and more than one-half of the total 
after alfalfa. The dimunition of the nitrogen after the al- 
falfa is almost continuous to the depth of eight feet three 
inches; where, as given above, the amount of nitric nitrogen 
is only. 0.4 pounds per acre; while in the other cases, the 
dimunition reaches its maximum ata depth of between two 
and three feet, from which point on the nitric nitrogen 
increases somewhat, being present in the largest quantity 
after white clover ata depth of four and one-half to six feet. 

The figures given in this connection show more clearly 
than any others with what avidity and also the depth to 
which alfalfa feeds. Ido not think that the movement of 
the nitric nitrogen (nitrates) 1n the soil can operate to pro- 
duce this marked result in the case of the alfalfa, but that 
the nitrogen is appropriated by the plant. 


LEAVES AND STEMS: AS A TOP DRESSING. 


It has been repeatedly stated that the mechanical loss 
in making alfalfa hay is very considerable, and while I have 
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no figures established by experiment—the reason has been’ 


given elsewhere—I estimate the minimum to be between 
fifteen and twenty percent. of the total dry matter, includ- 


ing all the leaves that fall during the growth of the plant 
and the making of the hay. 1 believe twenty per cent. of 


the dry matter to be a reasonable estimate. The amount of 


matter added to the soil in the form of a top dressing on- 


this basis of loss is more considerable than at first appears. 
The actual amount ranges from .g5 ton for a 3-ton yield of 
hay to one ton fora 5-ton yield. It is not only twenty per 
cent. of the total dry matter, it is about one ton of the rich- 
est portion of the crop, equivalent to the addition of 70.4 
pounds of nitrogen and 168.8 pounds of ashes. Some 
of the nitrogen may be lost, but the whole of the ashes is 
available. The table quoted by Prof. Aikman shows that 


the first nine inches of the cropped soils are rich in nitric. 


nitrogen, and in the case of the alfalfa they contained more 
than one-half of the total found to the depth of nine feet, 


8.9 pounds out of a total of 17.0 pounds. ~ a 
These facts may be more directly related than at first — 


appears. The ashes contain seven pounds of phosphoric 
acid and 28.6 pounds of potash, which have been brought 
up from below. A portion of this is, doubtlessly, 


taken up bythe plant and utilized in making the next year’s: 


crop; but there isa remainder each year which accumulates 
to the enrichment of the surface portion of the soil. The 


-accumulation of nitrogen is probably less in Colorado than 


it would be were our conditions more favorable to the for- 
mation of humus in the soil. There is no series of analyses 
showing how great the changes in the surface soil are in re- 
spect to humus, nitrogen, or ash constituents; we have only 
the general results as measured by the increase in wheat 
produced, and this enly in general terms. I have presented 
the composition of the plant and its parts; the amount of 
plant debris added year by year; the stubble added to the 
soil at the end of one, five, and ten years; also the amount 
of roots not included with the stubble: and I have also inti- 
mated another source of addition to the soil during a part 


of the life of an alfalfa field, i. e., by the perishing of the 


inner portion of the roots. The composition of the plant 
debris has been given and the following tables contain the 
analyses of stubble and roots and the fixed ash constituents 
for each thousand pounds of air-dried material :— 
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The work on the soils from our standpoint is quite un- 
satisfactory, but either someone else or ourselves may bé 
able to make a systematic study of this subject which is of 
some importance as well as of interest to the West. 

The soil in which the Weld county samples were grow- 
ing was sampled to the depth of eleven and one-half feet in 
three parts, corresponding to the large variations in the 
character of the soil; at the same time a sample of soil was 
taken a few feet distant froma field planted to corn, but 
owing to lack of water it was practically fallow at the time. 
The corn plants had made no growth during the season; 
subsequently a fifth sample was taken of the blown soil 
which gathers about the large crowns of alfalfa containing 
agreat many leaves and plant refuse. This enables us to 
present the composition of the plant, the root, the soil .ac- 
cumulation about its crown, the soil proper, the subsoil in 
two sections, and that of a sample of the soil not in alfalfa. 
The alfalfa was six years old. The plants were very large, 
some of the stems being over five and one-quarter feet high, 
and the largest of the roots one and one-half inches in di- 
ameter, with abnormal roots, i. e., such as had short tap 
roots two to three feet long attaining a diameter of two and 
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seven-eighth inches. The soil is a very fine clayey loam, 


almost black in color and 21% inches deep. It had never 


been broken by the plow to any depth and was so compact 
that we were compelled to use a pick in working a part of 
it. This is succeeded by six feet of marly clay and fine sand, 
the upper four to six inches of which was a white marl and 
the next three and a half feet fine clayey sand. The sample 
from the cornfield corresponds to the 21% inches of black 
soil. For fodder analysis of plant see page 31, first cutting, 
analysis No. 12. 

The total fixed ash constituents removed by 1,000 
pounds of hay, on a basis of 8.87 per cent. moisture and 9.94 
per cent. crude ash, is 75.32 pounds, distributed as follows :— 


Silacia Ve. yas vs Ghee ie Roe eee eee 1.49 
Phosphorictacid :) )s: S8 <0 eee teenie 4.43 
Sulphuric gk Valid ewe eect ne ee) 
GOT ING ye hes eC rele ae eats maaan 7.92 
|B Fri tee a eR REC a ales a ko. oh IC Is 
Wao nesiay . Swit oss 2228 Ree eee ae 5.89 
Oxide of NrOn . 3. TM eo ee .4O 
Paina ks eee » te Ba ee eae $25 
Oxide of manganese: i. Sanaa ee .19 
Rotashe Seis coe Ue ee ea 23.00. 
OC Ais. Seana edo liga fa ka a 1.82 
75:3 
Nitrogen. 220... 2-96 serene ine 22), 37 
ANALYSES OF THE ASHES. 
Plants. Per cent. 
AGO ee. od Ore cs en 1.765 
Silicie jactd’s— 7? <Y A ae Tere 
Phosphoric.acid 2 ..); aR LS tl. A ARO 
pulphurion | (0), 1 Oe ee 5.636 
Chlorine. 22000 -. 2.5 eee 6.87 
Caléie oxide git) ) ten eee 23.905 
Magnesic oxideu:.. 07), sh 5.951 
Ferric Sa PEN od Se S207, 
edie het (CMMRURRO RUC ein ahLe oC Beer has 253 
Manganic “""(brown)\ | eee 188 
Potashs.” (i. ayes 23.034 
Sodas P30 Oe 1.840 
Sat Donte “acid: vate De G4 
101.768 
Less O equivalent to Cli. 1.583 


{ Rae 65 tenet 
Roots. 
i Per cent.” 
oF 2350 (CEN a TESA RESULT ch Aa Aa 2.380 
Dinene ACI erty. sy ip Ses ae AML OAe ln 2.875 
OG OONIC ACTA AC tal tte Ute Miler 10.270 
SO ere TE a ein rt 9 Me cad 5.093 
TORS Te tye, ne tne ane sg Gi PU spt oan eget. 
BBS ORIG A uae eaten Tat 19.008 
ATSSIC. ORIG Yo eei en Ee ea tesla "9.492 
Ferric TR aMMMes ee Tce yeas os Rm oe ne ED 844 
Pe TTP DIC (hou ee lan One aun Sh Catia E720 
Manganicr | So (brownies! suite ee. 2 .149 
POAT NOL NT a aay ccc tn, cee Seana 
SOU cies es id ceo ete en eae enc rel CNS Tae 2° TIO 
CATO (AChCway wm rerrcn Zn kA OE 21.742 
100.457 
iéss Oreqtivalent terCls 45 299 
100.158 
ANALYSES OF THE SOIL.* 
a Ow ow MO; Ae 
a8 LA oA aq ac Bp 
Baa BS. rans pene CS Be 
? ney a oe 
my £3 wore Gee ost 
as g'8 Bee, oa Hess 
‘ae SAS a Sams ae fed 
2) oa} = cm D 
Insoluble Matter.......... ard 78.472 66.700 55.032 68.145 63.258 
Soluble Silicic Acid......... 9.174 15.110 12.921 10.082 16.086 
Potassic Oxide.............. 827 610 581 416 409 
Sodic Oxide................. 093 235 368 250 152 
Calcio Oxides. Kio decks ss 562 .570 9.182 4.775 By (535) 
Magnesic Oxide. iG Basan) ~ 852 2.016 1.185 1.251 
Manganic Oxide (haw) SPAT Ma Vine aos PARAS aM py eas eae 
Ferric and Aluminic Oidbe 5.835 8.931 7.937 7.005 9.780 
Phosphoric Acid............ 148 186 195 182 148 
Sulphuric Acid.............. 065 .070 102 057 Trace. 
ChiOrine mens luca eee eea O04 005 007 .003 003 
Carbonic Acid ............ : Trace. O17 7.842 3.606 293 
IMEOUSEUTG 7: bhi cuse ecco vate Liz 1.400 1.797 1.629 1.431 2,052 
Volatile and Organic Matter| not det. 3.338 2.050 3.291 5.5384 
fey el | eaeere cs NRO Ea aa oe Ce RB 98.421 99.812 100.378 99.721 
INAGTOS OTN ear ae ta Lis Wie ale 085 076 035 025 062 
BEVELIIUWIS re cea clicks coe eins aia Le athe LOOTING aerated LQ00 es) LPN teateiee 


“* Analyses by Mr. Chas. Ryan. 


In the mechanical analyses of the soils we followed as 
closely as we could the method of Osborne, but we had no 
sieve corresponding to.r mm., and but one portion is made 
between .25 mm. and silt. There is a large quantity of 
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calcic carbonate and silicate, particularly in sample 


which they are used. 
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’ Analyses by Mr. Chas. Ryan. 


The physical condition of this soil is excellent when it — 
has been mellowed by tillage, but is compact when it re- 
tains the natural firmness acquired by its long-settling and 
the firming of its particles. The degree of flocculation is 
small. The particles~are fine and puddle easily. The 
amount of alumina and iron—we may say alumina, for their 
is very little ferric oxide in the soils—together with the solu- 
ble silica convey a fair idea of the exceedingly fine state of 


division prevailing in them. The amounts of potash, phos- — 
phoric acid, and nitrogen are abundant. We used hydro- — 


chloric acid sp. gr. 1.115 in extracting the soil, and with the 


large amount of calcic carbonate present in some of the © 


samples, the action of the solvent was propably not excess- 
ive; so that, after entertaining every misgiving as to the 
value of the results obtained by a chemical analysis, 
we may accept the amount of plant food taken into 
solution as representing approximately the amount avail- 
able in this soil. Here it should be noted that no at-— 
tempt was made to determine the extent of this soil, but as 
it is common to find it, we assume that it is not an excep- 
tional soil, though it is by no means so common that it can: 


fairly be claimed to represent the general soil of the 


county. 


In estimating the amount of ash ingredients removed 
by the crop of alfalfa from this soil, the basis of 9,000 
pounds of hay per acre may be assumed asa conyenient 
estimate. The amount of ash ingredients removed for 


‘ 
aa } i 


which is distributed between the three last ~portions.<<im-4 
perfect as the analyses are, they serve the purpose for ? 
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each 1,000 pounds of hay has been given for this particular — 


case as 75.32 pounds, or for tl 


1e 9,000 pounds—four and one- 
half tons—6 ; ps ~ 


77.88 pounds distributed as follows : 
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The nitrogen in the hay amounts, to 200.79 pounds. 
The amount of plant food in the soil, however, is so large 
that it is scarcely possible but thata very large excess over 
that required by the crop was obtainable at all times 
throughout theseason. The total plant food present in the 
soil penetrated by the roots in this case is so large that it 
seems to have no object in trying to express the quantity in 
figures. The quantity of phosphoric acid present in one 
acre of thissoil and its subsoils taken to the depth of 
eleven and one-quarter feet is approximately thirty-four 
and one-quarter tons, and about three times as much 
potash, or one hundred and two tons. It would seem proba- 
ble that,under these conditions, the plant would contain as 
large a quantity of ashingredients as it could take up,but the 
average ash content of alfalfa hay,including all cuttings and © 
varieties of alfalfa grown in Europe and different parts of 
this country, is 7.44 per cent., or nearly as great as the aver- 
age of the samples collected by ourselves, including this 
particular one, 9.08 per cent., for the first cutting and 
rather higher for the second and ‘third cuttings. Our aver- 
ages are something higher than that given by Mayer and 
others. This difference is reduced a little when the lower 
water content of our hay is taken into consideration; but 
there still remains an excess over the average ash content. 
This may correspond to the amount which is taken from 
our soils in excess of: the normal amount due to an ex- 
cessive supply. It istobe remembered that the alfalfa in 
our case is practically growing in a virgin soil, even if the 
upper soil has previously been sown to wheat, for the wheat 
roots, whatever depth they may attain in loose open soils, 
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have been opened by some preparatory crop or process. 
It is probable that the amount of ash constituents taken up 
by our alfalfa does not exceed ten, or at most, fifteen 


pounds per hundred, indicating an amount necessary for the © 


perfect maturing of this plant, which only a rich soil can 
furnish or a most vigorous root system collect. 


We have no other series of soil samples so complete 
with the hay produced upon the same, but we have one 
sample from Rocky Ford, Otero county. The hay isa 
sample of the third cutting ; the yield for the year, three 
cuttings, was fivetons. An analysis of the hay gave the 
following : water, 6.06 per cent.; ash, 9.87 percent.; fat, 1.29 
per cent.; crude fiber, 32.69 per cent.; protein, 13.69 per 
cent., and nitrogen free extract, 36.40 per cent. The fixed 


ash constituents amounted to 73.788 pounds for each 1,000 


pounds of hay, as follows: silicic acid, .828 pound; 
phosphoric acid, 3.258 pounds; sulphuric acid, 5.280 pounds; 
chlorine, 7.444 pounds; lime, 23.684 pounds; magnesia, 
3.033 pounds; oxide of iron and alumina, .662 pound; 
brown oxide of manganese, .153 pound; potash, 27.197 
pounds; soda, 1.976 pounds; orthe total removed from the 
soil by the five-ton crop, supposing it all to have been as 
rich in ash as the third cutting was 737.88 pounds. 


The Weld county sample, already given, shows 677.88 
pounds ash constituents, based upon the first cutting anda 
yield of four and one-half tons. If we assume a five-ton 
yield, to make them more easily comparable, we have 
737-88 pounds of ash in Otero county, third cutting, as 
against 753.2 pounds in Weld county, first cutting; a differ- 
ence of about 15 pounds, only three pounds for each ton, 
or only about two per cent. of the total ash constituents 
considered. This difference is less than that usually found 


Ben two samples cut at different times from the same 
plat. 


_ We fortunately have an analysis of the Otero county 
soil,also made by Mr. Ryan. The point at which this sample 
of soil was taken is not, as in the case of the Weld county 
sample, the one at which the hay sample was vathered; but, 
atter examining the soil, 1 am_ satisfied that, owing to its 
uniformity, no error is introduced by the fact that the sam- 
ple is not the identical soil in which the plants had grown 
and there can be no doubt but that its value is as great as 


et of any chemical analysis which might be made of this 
soil. 
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can not attain great depths in our prairie soils unless they — 
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ANALYSIS OF SOIL FROM OTERO COUNTY. 
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This sample does not represent the soil to a greater 
depth than four and a half feet; while the preceding ones, 
together, represent the Weld county soil to a depth of 
eleven and a quarter feet. The twenty-one inches of Weld 
county soil contain 11,208 pounds of phosphoric acid to the 
acre ; while the Otero county soil, calculated to the same 
depth, contains 55,125 pounds of this acid, or nearly five 
timesas much. The ratio of the potash in the two soils is 
markedly in favor of the Weid county soil, it containing in 
the first twenty-one inches 37,362.5 pounds; while the Otero 

county sample contains 15,312.5 pounds. The amounts of 
these substances removed by the respective crops bear no 
such relation to each other as the total amounts of them 
bear to one another. The amount of phosphoric acid re- 
moved by one thousand pounds of hay from the Weld 
county soil is 4.43 pounds; while the amount removed from 
the Otero county soil, by an equal weight of hay, was 3.58 
pounds. With a total quantity of phosphoric acid, five times 
greater than that present in the Weld county soil, the 
plants have taken upa little more than three-quarters as 
much of it. The potash removed by a thousand pounds of 
hay from the Weld county soil was found to be 23.69 pounds: 
while from the Otero county soil, with less than one-half as 
much total potash, this weight of hay removed 27.197 
pounds. The magnesia, it was hoped, might give a clue as 
to the amount of food brought up from the lower portion of 
the soil, as we have the ground water quite heavily laden 
-with salts of this base; but an examination of the results 
obtainéd failed to show any such relation as might even be 
suggestive that these solutions had anything whatever to 
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do with the nourishment of the plants. The Weld county 


sample contains for each 1,000 pounds of hay, 5.89 ounds 


magnesia; the Otero county sample only 3.033 pounds. The 
Weld county soil contains about one per cent. of magnesia 
and the Otéro county soil only a; little over o.1 per cent., 
but in the latter case the roots penetrate the ground waters, 
which are rich in magnesia salts, as the following table illus- 
trates: 

COMPOSITION OF GROUND WATER. 


Calcic: sulphates. \7 4. 7 2 ee 155.650 
Sodic HO LOD chin Se ea a 2D ST 
Maonesien cen ahaa en tee 51.880 
chloride. (3... ieee 20-027 

i carbonate’:./¢... 00 a eee 16.026 
Prisoluble ssc s os.) See eee ee ee 2.412 
596.766 


The total solids per gallon was 596.766 grains. 


Examination failed to reveal the presence of phos- 
phoric acid or potash, despite the large amount of the 
former in the upper portion of the soil and a fair abund- 
ance of the latter. The condition of the roots was good, 
although they were very different from those in Weld 
county, and also from cthers in Larimer county, which had 
penetrated into flowing water near the level of the Cache-a- 
la-Poudre river. These roots were neither “rotten” nor 
dead, but living, and were doubtlessly discharging their 
functions. I, of course, cannot tell to what extent their 
action had been modified; but it is evident that, so far as 
the magnesia is concerned, they had not taken enough of it 
into the plant system to make its amount equal to that 
taken from the Weld county soil. We are in this case de 
barred from trying to explain the difference in the amount 
of magnesia appropriated by the plant by the less amount 
of lime in the Weld county soil, for the fact is, that the 
Weld county soil is very much the richer of the two in lime; 
and moreover, the amount of lime in 1,000 pounds of the 
samples is almost identical, i. e., 23.65 pounds in the Weld 
county sample and 23.69 pounds in the Otero county sam- 
ple; nor yet is it probable that the potash taken up influ- 
enced ie amount of magnesia so far as the analyses indi- 
Was sited pcr sample has 23.69 pounds and the 

county sample 27.20 pounds-of potash for-each 1,000 
ae hay. There is here an excess of potash in favor 
Regiecin Which fect ae about equal to the deficit of 

g eh tact alone would have but little signifi- 
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cance; but it acquires some weight when it is observed that 
the sum of the lime and potash, including magnesia with 
the former and soda with the latter, is constant within com- 
paratively narrow limits, i. e., they are equal to from 55.5 to 
59 or 60 per cent. of the total ash constituents of the plant 
above ground; but this is not true of the roots to the same 
extent, nor of the leaves and stems taken separately. The 
magnesia in the roots is as a rule higher than in other parts 
of the plant; while the nearly constant sum of these four 
constituents—the two, potash and soda, rising as the lime 
and magnesia fall, or contrariwise—might be interpreted as 
indicating an intimate relation between their relative quan- 
tities and a partial interchange of functions. The varying 
relation of their quantities in the ash of the leaves, stems, 
and roots, obscures this to such an extent that we can say 
nothing definite about it; and for this reason we believe it 
improbable that the four per cent. more of potash in the 
Otero county sample has any direct bearing upon the lower 
percentage of magnesia in it than in the Weld county sam- 
ple. There was an abundance of magnesic salts presented 
to the absorptive action of the roots of the Otero county 
plants, but the fact is the salts were not taken‘up, nor is the 
amount of soda present inthis sample apparently influenced 
by the soda salts present in the soil waters, for in the Weld 
county hay we find 1.82 pounds of soda for each 1,000 
pounds of hay, and in the Otero county 1.98 pounds. In 
other samples, grown in alkali soils, we have from two to 
three times as much soda present as we find in either of 
these samples. We have omitted some essential condition 
or we are justified in concluding that the supply, of plant — 
foods is so excessive in, both of these soils that the plants in 
each case have taken up as much of the various ash con- 
stituents as they could appropriate, or that the available 
supply in the two soils was about the same and that the 
ground waters exercised no decided influence upon the 
character or amounts of these constituents taken up. Such 
a conclusion, if established, would be in harmony with the 
suggestion already made, that the alfalfa plant may feed at 
greater depths, but it does not necessarily do so, and that it 
can dispense with its long tap root and still flourish. 


The ground water met with in the above instance is 
rather a “bitter water” than an alkaline water, even though 
there isa large portion of sodic sulphate present. _Combin- 
ing the bases with the acids in the following order: sodium, 
calcium, magnesium, we have the following percentage 
composition of the thoroughly dry residue :— 
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‘ The composition of the water accounts for its nauseat- | 
ing, bitter taste. It was clear and almost sparkling. We — 
give the following analysis of a seepage water collected late 


in the season from a newly opened drain running through 
an alkalized and somewhat marshy swale. The larger | 


quantity of salts held in solution and their difference in 
character, distinguish the ground water from the seepage 
water. The magnesic salts in the seepage water have evi-— 
dently been taken up from the soil. The water used for ir- — 
rigating was practically snow water. Ihave no analyses of 
the Arkansas river water at my command. I have no doubt 
but that it is quite as different from the ground water as 
the seepage water is, and resembles the latter much more 
than it does the former. 


Ground Water. 
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This seepage water is from Larimer county, and the 
different conditions of soil and the different waters used for 
irrigation influence the character of the salts taken into 
solution or left by evaporation and consequent concentra- 
tion. The writer does not know the history of the land 
from which this drain water was taken; but there is no 
doubt that itis a seepage water which had collected in the 
lower portions of the farms and was drawn off by the laying 
of this drain. The water used for irrigating was taken from 
the Cache-a-la-Poudre river. The water supply for the city 
of Fort Collins is taken from the same source, and as de- 
livered for domestic use contains in the month of Febru- 
ary, when the water is low, rather less than ten grains of 
solid matter to the gallon. This gives us a general, though © 
somewhat indefinite, idea of the amount of salts due to con- 
centration and solution from the soil. 

The Arkansas river water may contain more solids’ 
when taken out for irrigating .purposes, but there is little 
doubt that the magnesic salts, in both cases, are taken into 
solution as the result of chemical changes between the salts 
of the soil and those taken into solution by the water. The 
ground water is not so different from the seepage water, 
but that it may be considered asa product of the concen- 
tration of seepage waters. This is not the place to discuss 
the manner in which this concentration has been effected. 
We have intimated an answer to the most patent inquiry, 1. 
e., whence the magnesic salts contained in both the sam- 
ples, the ground as wellas the seepage waters, especially as 
the irrigating water used is river water, supplied by melting 
snows and flowing for the greater part of its course over 
gneissic or granitic rocks. This is more literally true of. ir- 
rigation water used in parts of this county (Larimer) than 
itis of that used in Otero county, which is farther removed 
from the mountains. The analyses of drain waters taken 
in European soils are not closely comparable with our seep- 
age waters, for these soils have been washed outand ours, 
in this semi-arid climate, have not been; still even the 
European drain waters show a relatively large amount of 
magnesic carbonate present inthem ranging from one-third 
to one-twelfth of the total lime salts. 

This subject may form the basis of some future work by 
the department, though the subject has already been ap- 
proached in Bulletin No. 9, of this Station. 

The relation of soil water to the salts taken up by 
plants is apparently not the same as that sustained by solu- 
tions in water culture. Our alfalfa roots have not taken it 

‘up from this depth. We have given analyses of the soils 
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and of ‘the ground water and we place the analyses of the 
ashes of the hays side by side for easier comparison. 
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The results of our study and observations as to the 
effect of alfalfa growing upon our soils are briefly stated as 
follows : 

~The biological relations of the soil are probably ma- 
terially improved by the maintenance of a more uniform 
tempature during the heat of the summer days, by 
the maintenance of greater uniformity of moisture, 
and by a supply of organic matter. The shade and 
moisture furnished or conserved by a growth of alfalfa 
must evidently exert a pronounced influence upon the 
soil conditions, and not only improve the biological con- 
ditions, but also favor chemical changes, particularly humifi- 
cation processes. 

_ there is added yearly to the surface portions of the 
soil a large amount of mineral matter by the falling por- 
tions of the plant, leaves, stems, etc., which, with the shade 
and moisture furnished to facilitate their decay, amounts 
toan excellent top dressing. The slowness with which 
straw, leaves, etc., decay in our soils with the ordinary sup- 
ply of moisture, almost prevents such material from’ servy- 
Ing any good purpose as manure or asa means of forming 
humus in the soil, and anything which facilitates this pro- 


cess 1s of a decided advantage ; for the physical condition ~ 


of our soils, while good, can be improved in this direction. 
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There is no doubt but that the return of the plant food - 
appropriated and deposited in the leaves and stems which 
fall upon the surface may be slower than it would be under 
humid atmospheric conditions; still it goes forward some- 
what faster under the influence of the shade and conserved 
moisture of athick growth of alfalfa than it would other- 
wise do, and the surface soil must have a very considerable 
amount of mineral ash constituents added to it in the 
course of six or more years. Some may be flooded off by 
irrigating, some may be blown away, and a large amount 


may be taken up in the production of subsequent alfalfa 


crops ; still there can scarcely-fail to be a large residual 
amount of available plant food collected in the first few 
inches of the soil. I am satisfied that. this factor in the 
improvement of the soil has not received the consideration 
it deserves. It is one of those factors, however, that is just 
as potent without as with recognition, for the leaves fall 
and can not be prevented. I have elsewhere, in speaking 
of the loss in hay making, stated’that from fitteen to 
twenty per cent.is about the minimum, and taking it at 
twenty per cent., and this is scarcely too high, we 
have a top dressing of leaves weighing one ton for 
every five tons of hay taken off, and as this amount of 
hay may be cut from an acre in one season, though it is too 
high for the average, we may calculate the annual dressing 
of leaves, etc.,at one ton per acré. The total ash in this 
is 269 pounds, taking the ash of the leaves at 13.45 per 
cent., which is the average of four determinations. The 
269 pounds of ash contain 11.83 pounds of phosphoric acid 
and 49.22 pounds of potash, equal to 25.79 pounds bone 
phosphate and 77.73 pounds chemically pure muriate of 
potash. Tothese are, of course, to be added the ash in- 
gredients, for instance, the lime equal to 76 pounds caustic 
lime and upwards of 30 pounds sulphuric acid (S 03); also 
nitrogen, equal to 74 pounds. It would require 449 pounds 
of sodic nitrate to furnish this amount of nitrogen. The 
yearly top dressing from this source alone is equal to 25.79 
pounds pure calcic phosphate (bone phosphate), 77.73 
pounds pure muriate of potash, and nitrogen equal to 449 
pounds pure sodic nitrate. Wetake into consideration the 
facts that the organic nitrogen is not worthas much as the 
nitric nitrogen; thatsomeof these constituents may be lost ; 
also that much'of it will be used by the growing plants, and 
still, asI have before said, the residual manurial elements 
must be large. 

The value of the stubble and rootsin the soil has been 
shown to be about $35 per acre, for the nitrogen 
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phoric acid, and potash, attributing neither influence nor 
value to the other fertilizing elements, which is justifiable 
only on the ground that we have neither a commercial 


nor a conventional measure of value forthem, particularly 


the easily decomposable organic matter which has more 
value in our soils than it would have in many others. The 
humus in our soils is not. high—in the samples given 0.4 
and 0.2 per cent. respectively—and they produce good crops, 
but the addition of this form of organic matter 
would better their mechanical condition and very probably 


their productiveness. As the increase of humus in these ~ 


prairie soils is not easy, I believe that we ought to value — 


highly the easily decaying alfalfa roots. . 

There is still another manner in which the growing 
of this plant benefits our lands for cultivation: it opens 
up channels through compact substrata toa considerable 
depth, allowing the entrance of water andair. The writer 
unfortunately does not know whether hardpan streaks are 
frequently met with or not, but,so far as his observation 
goes, they are not; compact layers are met with, but the 
alfalfa roots have penetrated all of these which he has ex- 
amined with this point in view. The size and length of 
the average roots in this country are not at all consonant 
with popular estimate, nor yet with the descriptions given 
of them as found elsewhere; but their power to penetrate 
tough clays and hard streaks is great enough to make them 
most excellent subsoilers. The soil of a field which has 
been to alfalfa has practically been deepened for a subse- 
quent sowing to wheat. I have not seen, nor doI know of 
any observations having been made upon the rootdevelop- 
ment of wheat in our prairie soils oras to the depth to which 
they penetrate in virgin soil, where there is a very fine, com- 
pact, and tough substratum, the result of the settling and 
compacting ofages To plantsuch asoil to alfalfa is to perfor- 
ate this compact subsoil with numerouschannels for the pas- 
sage of water and air and for the entrance of other roots 
when those of the alfalfa have rotted. The work done by 
the alfalfa roots in accomplishing this is very great, but this 
work is to the benefit of the soil,the advantage of the suc- 
ceeding crops, and to the profit of the owner, being the 
cheapest labor as wellas the best directed and most effi- 
cient of any which he can employ. 

A very common practice among our ranchmen ought 
to be particularly mentioned here, though it is only inciden- 
Be te the object of this bulletin and is self-evident, needing 
SR Gebietes should be directed to it. _ The great 

ace g to worn out wheat soils by being sown to 
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alfalfa is so marked that it is a matter assumed to be a 
fundamental fact of our Colorado farming. Alfalfa hay — 
does not, at present prices, bear transportation, except it can 
be converted into some more markatable form; and this 
has been the case for years. Until recently the fattening 
of steers was profitable, and, consequently, a favorite man- 
ner of marketing alfalfa hay. The crop was fed in the field, 
the animals pasturing and feeding on the ground upon 
which the crop grew; this was practically equal to returning 
the crop to the soil from which it was taken. Of course, 
the practice is not without some drawbacks; still the 
crowns were not tramped to death and the voidings of the 
animals were equivalent to manuring the surface soil with 
the crop grown upon it. There is no question but that this 
is not an economical way of treating the manure; but, in 
spite of the losses, a large amount of the manurial elements 
of the crop were returned to the soil. This does not hold 
for sheep feeding, and unless our farmers pay more atten- | 
tion to the manure of the sheep-fold, some of the benef- 
cent effects of alfalfa growing observed in the past will be 
wantingin the future. The care of this manure is an im- 
portant question to the people of this community. The 
alfalfa isa heavy feeder and lays a tax upon the soil for 
every benefit it bestows. The apparently wasteful meth- 
ods of the past have tended to gain all the advantages 
from growing this plant and to obviate any disadvantages. 
If the same good results are to be maintained under a 
changing system of feeding, care must be exercised, and 
pe manurial equivalent of the crop must be returned to the 
soil. 


APPENDIX. 


In the preceding pages I have given the general re- 
sults of our study of the development of the alfalfa plant, 


mostly in numbers based upon hay, because this is the con- — 


dition with which the average reader is most familiar, and 
the details of the preparation of samples, so far as there is 


any need of their being given atall, have been given; but — 


there are some details. deserving of mention and yet of 
less interest to the public than the general discussion. 
Some of these may find place here, together with the tabu- 
lated results based upon thoroughly dry material. 


PREPARATION OF THE SAMPLES. 


The samples’ of hay. were ~ prepared with “the 
utmost care in order that the samples should represent the 
best grade of hay possible tobe prepared from plants in 
that stage of development. They were protected from un- 


due exposure to sun, wind and rain; in fact, they were 


cured in muslin sacks and brought into the laboratory 
whenever there was any rain and during the night; so that 


they were not exposed to the effects of dew or moisture | 


other than the hygroscopic changes in the atmosphere 
itself. We found that the protection from blowing sand 
and from loss of leaves due to the wind and drying of the 


plants was absolutely necessary in order to have our. 
samples represent the plant as it actually was at the time ~ 


of cutting. The sand found in the analyses of plant ashes 


is partly accounted for, in our cases, by its being blown 


upon the plant during the preparation of the sample ; some 
of it, however, is lodged in the axils of the leaves and 
stems, or even driven into their tissues by the winds. This 
method was very tedious, requiring as many as ten days, 
even in thisclimate, to get some samples to a constant 
weight. A few experiments. were made to determine the 
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effect, if there was any, of drying the sample at 100 degrees 
C. and then exposing the dried hay to the air until it had 
saturated itself with moisture under the usual atmospheric 
conditions. We found this much more convenient and 
without effect upon the analytical results. The samples, 
however they might have been prepared, had to be sealed, 
and every precaution taken to prevent their absorbing 
more moisture, which in the closed bottle, they did not so 
readily give up. 


PREPARATION OF THE ASH. 


The method pursued in preparing the ash was, to heat 
a large platinum dish over the flame of asmall Argand 
burner so strongly that the bottom, the room being partially 
darkened, began to show a dull redness over an area from 
one to one and a half inches in diameter; the weighed 
sample was introduced in separate portions until the char- 
red mass filled the dish to rather more than two-thirds full, 
when it was allowed tocontinue heating until the volatile 
matter was nearly or quite expelled; the bulky mass was 
then transferred to a porcelain casserole and allowed to 
burn of its own accord so long as it would. The mass was 
stirred frequently and new portions of the sample were 


treated in like manner untilthe whole of it was brought — 
into the casserole. When it had burned out and cooled’ 


sufficiently the still highly carbonaceous ash was extracted 
with water and washed so long as the wash water showed 
the presence of chlorine. The insoluble portion free from 
chlorine was then burned to whiteness at as lowa heat as 
was feasible. This often proved to be a tedious operation. 
The solution containing the alkalies was evaporated to dry- 
ness ina platinum dish after the addition of the insoluble 
portion and enough ammonic carbonate to convert the cal- 
cic oxide formed into calcic carbonate. The ash was 
eventually dried at 200 degrees C., at last with addition of 
solid ammonic carbonate and bottled while still hot and 
carefully corked. If the ash thus prepared has to be kept 
for any length of time, it is necessary that it should be 
sealed. This degree of care was taken: to avoid loss of 
chlorine and also possibly of sulphur. During the course of 
the preparation, however, we became convinced that the 
precautions taken were inadequate, because the loss of 
chlorine was not due to the volatilization of the sodic or 
potassic chlorides, but due to the formation of ammonic 
chloride. The odor of ammonia was very marked at cer- 
tain. stages of the process and was present in sufficient 
quantities to react upon red litmus paper, and a glass cylin- 
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der, placed over the already charred’ mass became coated 
with a white film whose solution in distilled water reacted _ 


strongly for chlorine. ‘The temperature of the mass was at 


this time very low, and the escape of the potassic and sodic. 


chlorides from the mass, whose surface was covered with a 
layer of already cooled ash, even if the temperature at the 
glowing points was high enough to volatilize them, is diffi- 
cult to believe. But one proof has already been adduced, 
that with this highly nitrogenous plant, chlorine did escape, 


whatever may be the facts relative to the sodium and po- | 
‘tassium. The loss of chlorine was also noted by direct 


observations in the incineration of a sample of seed, but 
the conditions were not similar and the film of chloride, 
collected on the cool platinum foil used in this instance, 
may have been the chloride of one of the fixed alkalies, or 


perhaps of both. No less care had -to be exercise to avoid | 
the formation of the alkaline sulphides either directly or by | 
reduction of the sulphates, principally, if not exclusively, © 


by the latter process. Close observation shows that, if the 
combustion is slow enough to avoid a high temperature in 
any part ofthe mass, there will be nosulphides formed, but 
otherwise yellow points may be detected in the mass by 
careful examination before it has been stirred too much. 
In burning large quantities itis almost impossible to avoid 
its formation because of our inability to control the rate of 
combustion inall parts of the mass. 

The time consumed in preparing the samples of ash 
was very great,and, as we shall subsequently see,did not pro- 
duce results commensurate with the care bestowed upon it. 
The only point in which satisfactory results were obtained 
was in producing an ash practically free from carbon and 


one in which we had no free bases, either lime or alkalies. 


The evaporation of the ammonic carbonate solution to dry- 
ness and heating to 200 degrees C., with the addition of the 


insoluble, was probably without any other effect than to— 


assure the conversion of any caustic lime into the carbonate. 
That it may have been the cause of the loss of any chlorine 
ors ulphuric acid, particularly the latter,is verydoubtful. This 
question suggested itself,and calcic sulplate was repeatedly 
heated in this manner without change in weight. 


THE METHODS OF ANALYSES. 


__As the methods adopted in this work are not identical 
with those commended by the Association of Official Acti- 
cultural Chemists, we deem it just to give the methods used, 
which, in our hands, are convenient and very satisfactory. 
he general method was to dissolve 4-5 grams of the 
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~ ash in hydrochleric acid and to separate the silicic 


acid by evaporating to dryness and heating in an air 


P bath at 115 to 120 degrees for two hours, after which the 


mass was wet with strong hydrochloric acid and evaporated 
to dryness again on the water-bath, taken up with water and 
as little hydrocholoric acid as possible, and the solution 
made up to 250c.c. The soluble silicic acid was separated 


_ from the sand and carbon by means of caustic potash solu- 


tion. The sand, etc., was washed from the filter into a 


} platinum dish, a solution of caustic potash, corresponding to — 


three grams of the solid salt, was added, and the whole 
evaporated to dryness on the water-bath. This gives us’ 
fixed conditions forall the analyses. Fresenius and Will — 
have shown that sand is not attacked under these condi- — 
tions. . There was not carbon enough in any sample of ash ~ 
analyzed to give any trouble and the solutions were clear 
and colorless. The residue, insoluble in caustic potash, was 
washed with hydrochloric acid and subsequently with water 
until free from chlorine and weighed on a tared filter. The 
carbon was burned off and the sand weighed. The silicic’ 
acid was separated from the potash solution as usual and 
weighed as silica. One portion of the solution, correspond- 
ing to about one gram of ash, was taken from the determi- 
nation of the sulphuric acid, oxide of iron, and alumina. A 
second portion, equal to the first, was taken for the phos- 
phoric acid, manganic oxide, lime and magnesia, and a © 


third one for the determination of the alkalies. The sul- 


phuric acid was thrown down as baric sulphate from the 
boiling solution by hot dilute baric chloride solution ; this 


| precipitate was filtered off, washed until no chlorine could 


be detected inthe wash water, ignited, and asa precaution, 
weighed. It was then fused with sodic carbonate or sodic- 
potassic carbonate—the solution of the sulphate must be 
complete—whereby the excess of barium and any iron and 
alumina is separated, the solution was acidulated with hy- 
drochloric acid and after standing until the excess of car- 
bonic oxide had escaped, was heated to boiling, and the sul- 
phuric acid again precipitated by a hot dilute solution of 
baric chloride; this precipitate was washed and weighed, 
then dissolved in concentrated sulphuric acid, and the 
baric sulphate cystallized by evaporation to dryness and 
washed with boiling water. |The fusion, with the alkaline 


carbonates, isadvisable to remove excessive baric salts, iron 


and alumina, the solution in sulphuric acid to remove alka- 
line salts from the baric sulphate. These operations 
lengthen the analyses, but the results are very different 
from the first weights obtained in the determinations. 
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The ferric and aluminic phosphates were thrown down 
from the filtrate by means of ammonia, and acetic acid — 
added to dissolve the other phosphates. This precipitation 
had to be repeated at least three times to get rid of baric — 
and calcic phosphates. There was not maganese enough in | 
any sample analyzed to come down with ferric and alumi-— 
nic phosphates in sufficient quantity to be detected. 
The ferric oxide was separated by means of citric acid, 
ammonia and ammonic sulphide. If the precipitate of 
phosphates is not heated too strongly, even partial fusion 
must be avoided, their solution in hydrochloric acid is easily 
effected, and the separation is easily performed. 


PHOSPHORIC ACID, MANGANESE, LIME AND MAGNESIA. 


A quantity of pure ferric chloride, sufficient to com- 
bine with all the phosphoric acid, was added and then, 
if the solution was not too acid, solid sodic acetate 
sufficient to convert all the bases into acetates, and the whole 
evaporated to dryness on the water-bath. If the solution 
was too acid, it was partly neutralized with sodic carbonate 
before the addition of the acetate. The dry mass was 
moistened with acetic acid and boiled out with water. As 
a rule,I do not wash this precipitate thoroughly,but dissolve 
it in hydrochloric acid and evaporate the second time with 
the addition of sodic acetate. The precipitate contains 
neither manganese, lime nor magnesia and the solution is 
free from iron and alumina, from whichnotrouble is experi- 
enced in precipitating even traces of maganese by bromine 
water, and has the further advantage of being small in vol- 
ume. ‘The lime was precipitated as oxalate, with the ordi- 
nary precautions, to obtain its complete precipitation. I 
allowed it tostand as long asat all convenient, washed and | 
dried it partially and ignited it in a platinum crucible or dish | 
until all the oxalate was destroyed; it was then brought into 
solution and reprecipitated asoxalate. This precipitate was | 
free from magnesia. The filtrates containing the magnesia | 
were evaporated toa convenient volume and the magnesia 
thrown down by ammonic phosphate ; this precipitate was 
purified by solution and reprecipitation. A nitric acid so- 
lution of the precipitate of ferric oxide, containing the phos- 
phoric acid, was obtained either by dissolving it in nitric. 
acid directly, or by first dissolving it in hydrochloric acid, 
precipitating by ammonia, washing and then dissolving it 
a a ae cee att oe ae a found the shorter, 
thrown down from chie ae font perce 
precipitate washed with lik neh eee ne 

ate washed with dilute nitric acid, dissolved in am- 
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_ monia, and precipitated with magnesia mixture. The pre- 


cipitate was allowed to stand, though precipitated hot with 


the aid of violent stirring, for twelve hours, and then, after 


washing, dissolved and precipitated, often with the addition 
of a little citric acid if there was any suggestion of the 
presence of ferric phosphate in the phospho-molybdic acid. 
The third portion of the solution was used for the determi- 
nation of the alkalies. I added to the boiling solution 
baric chloride, enough to precipitate the sulphuric acid, 
and ferric chloride to combine all of the phosphoric 
acid and then washed milk of lime to alkaline reaction, 
washing the precipitate free from chlorine. If too much 
milk of lime is added this is rendered much more difficult. — 
I prefer to add no more milk of lime than is necessary to 
precipitate the ferric salts and render the solution alkaline, 
filter and wash out the precipitate, add lime water to filtrate 
and evaporate down to a small volume, filtering off the 
magnesic and calcic salts which separate before precipitat- 
ing with ammonic carbonate ; by which, together with a 
little oxlate of ammonia, the lime was removed. The 
last portions of the lime are removed as usual. The addi- | 
tion of baric salts makes this portion of the operation 
more difficult, but if more than traces or only small quan- 


tities of sulphuric acid are present, the addition of baric 


chloride is advisable. The potassic-platinic chloride was 
uniformly dissolved in boiling dilute hydrochloric acid and 
crystallized by evaporation on the water-bath. If enough 
hydrochloric acid is added, there will.be no trouble experi- 
enced by the formation of a crystalline film to prevent 
evaporation ; on the contrary, the salt. will crystalize in 
large, well defined crystals, as good as free from water, if 
not entirelyso. The potassic-platinic salt was weighed on 


-.atared filter after drying in the water-oven for not less than 


two and one-half hours. 
CHLORINE AND SULPHUR. 


The chlorine was determined in two ways; first, from 
the ash and second fromthe plant. I was induced to do 
this by two observations, the first of which has already 
been given, i. e., an observed loss of chlorine; and_ the 
second was the fact that I obtained such unusually high 
percentages of chlorine in the different ashes that I at first 
fejt that probably I had made some mistake, particularly so 
as there was not even an approximate agreement between 
the results obtained from what would. be considered com- 
parable samples. The first method was, to dissolve a 
weighed portion of ash in cold dilute nitric acid with imme- 
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mixture of argentic nitrate and nitric acid as the solvent. © 


The argentic chloride was dissolved in ammonic hydrate, 
filtered and thrown down by nitric acid and eventually 


weighed on a tared filter. The very highest result that | 
I could find given for chlorine in the ash of this plant was — 


a little over eight per cent., and the usual quantity given 


was about two per cent. or less; and still finding from five 


to six and even eight per cent., although I knew that chlo- 


rine had been lost in preparing the ash, I concludedthatI — 


was in error and resolved to determine the chlorine in the 


plant’or dried sample. To this end from ten to thirty | 


grams was taken, from two and one-half to eight grams of 
pure sodic carbonate was dissolved in water and made up 
to a volume sufficient to wet the sample thoroughly. The 
sample was then placed overa free flame and thoroughly 


charred, the mass being extracted with hot water; the fil- 


trate was usually slightly colored, especially in cases where 
a larger portion had been taken, but when the charring had 
been successfully done, the solution was colorless. The 
carbon was washed free from chlorine and then burned 
until the ash was white. As the organic matter is an un- 
pleasant material to have in the solution, I evaporated the 
same to dryness and ignited it to complete the carboniza- 
tion. This’ was easily effected at a temperature which 
would produce no volatizationof the sodic chloride from the 
mixed salts. The solution was filtered off and added to the 


nitric acid solution of that portion of the ash insoluble in 


water. As a matter of course, care was taken to avoid 
loss from effervescence, ‘escape of hydrochloric acid, ete. 
From this point on the two processes were the same, but 
the results were much higher than before. This induced 
me to treatthe whole series inthis manner. It has been 
stated that a loss of chlorine can scarcely be avoided in in- 
cinerating the plants ; but either the Joss has been consid- 
ered insignificant or the determination of chlorine has been 
deemed of so little importance to our study of the plant’s 
requirements that the determination of chlorine in the ash 
has been accepted, perhaps with good reason, as quite 
sufficient for our purposes. Be this as it may, we. have 
made the series of determinations in which our results ap- 
proximate closely to the chlorine in the plants at the time 
they were cut ; and, while the loss is very varying, it is ob- 
servable in every case and shows that the amount of care 
bestowed upon the preparation of the ash was not sufficient 
to give us more than a relative idea of the amount of this 
element in the plant. The results are expressed inthe per- 


_ centage of ash found in the air-dried samples, and contain | 
- asmall error which may, in this case, be neglected. The 
- results are grouped so as to show the chlorine in different 
_ parts of the plant, as well as the differences in the results 
_ of the two methods of analysis. The samples from the 
-¢ same locality are brought together as far as convenient. 
< The first column gives the percentage of chlorine found 
_ in the ash, and the second the amount corresponding to that 


4 cent. of ash found in the air-dried samples. 
Hay Samples. 
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is The ash of the stems appears to contain the highest 
_ percentage of chlorine, but that of the leaves by far the 


_ obtained from the plant, calculated on the basis of the per 


largest quantity, as they have an average ash content of © 
about 13.5 per cent., against 5 per cent. in the stems; the — 
roots and seed have but little, both the percentage of ash 
and its content of-chlorine being small. 

I have one sample of red clover grown under conditions — 
identical with those under which one of the alfalfa samples” 
was grown, and is therefore comparable with it. The 
clover contains 10.07 per cent. ash, with only 2.5 per cent. 
chlorine ; while the alfalfa hay grown under the same con- — 
ditions has 10.42 per cent. of ash with 6.53 per cent. of ~ 
chlorine. | 

According to E. Wolff as quoted by Mayer in his 
Agrikulturchemie, red clover ash contains 3.95 per cent., — 
and alfalfa ash 3.48 per cent. of chlorine; while E. Wolff, in 
his ash analyses, gives 2.57 for the percentage of chlorine ~ 
in alfalfa ash from plants in bloom. The difference between __ 
these determinations may be accidental and I regret that] 
have not enough of the sample to either establish the fact, — 
for instance, that alfalfa does require more chlorine for its | 
proper maturing than clover does, or that this result isan | 
accident. As it is the result is suggestive only. It oughtto 
be remarked here that alfalfa does better throughout this 
country than clover does, although good crops of clover | 
can be grown here. I never sawa finer specimenof red 
clover than the one used in this determination... The 
chlorine may have a very important function in the devel- 
opment of. alfalfa, and hence its large amount, this may or © 
may not be the proper explanation, but it is evident that the 
ordinary method of preparing the ash gives too low results © 
and, after allowing for differences due to differences of 
soils, we have differences due to the degree of maturity ; 
but in all the samples the percentage is high. I have found 
but few analyses that are nearly ashigh. Wolff gives three 
with 6.97, 7.00 and 8.05 per cent. chlorine. Harrington, in 
Texas bulletin No. 20, also gives three, with 5.07, 6.90 and 
8.57; while the average percentage in the ash of alfalfa hay, 
as we have found it, is 7.85 per cent., with 10.88 per cent. 
asamaximum and 4.20 per cent.as a minimum. _ 

The sulphur was determined and estimated as sul- 
phuric acid. That some of the sulphur may escape as sul- 
pect drogen on ee the ash in hydrochloric 
ae aia g aK Me almost hackneyed observation. 
ant, and also as tl : “lf fe may contain sulphur are abund- 
ase S the alfalfa is a lime loving plant (its leaves 

ining an abundance of calcic sulphate), the sulphur 
seems to promise as great a loss as the chlorine. As my 
time did not permit of an extended series of experiments in — 
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_ thisline; and further because of the tedious character of 
_ the operations, only a few samples were chosen in which to 
attempt the more accurate determination of these com-: 
_ ponents, sulphuric and phosphoric acids. Two samples of 
_ roots and one of leaves were chosen for this work; the 
_ leaves because of the large amount of sulphuric acid, and 

the roots because of their relative richness in phosphoric 
acid as well as low percentage of ash. 

In the following table, the first column gives the per- 
centage of sulphuric and phosphoric acids found in the ash, 
and the second column gives the percentage which the 
ash should contain to correspond to the percentage found 
in the plant. ee 


eaves:— 
Sulsimimic Acie, AP. cave! FOO Pocen sas 12.843 
PAOSPMOMNE ACIC. F620, 25 0 BACON a eras 3.600 
Inside portion of roots:— 
OTULIChA GIG: © ly x uNS eg A Sob tePicy 8.091 
Piospnoric: acid.) <.\7, eater TOTOS2 uh oo 15.982 
Whole roots:— 
SUOnULICACIA Tere ae. BOO Aor pio Og 
PAOsphoric acid by. .5 oye. TO 12 7 ito 10.048 


Here we observe a loss of 2.001, 3.210, and 2.561 per 
cent. of sulphuric acid; while the phosphoric acid, determi- 
nations agree as well as could be expected. | The prepara- 
tionof theash samples has been given. The determina- 

tion directly from the air-dried samples was made as fol- 
lows: from ten to thirty grams of the sample, according to 
the amount of ash it had yielded, was placed ina silver dish 
and thoroughly saturated with a solution of a mixture of 
“ten grams potassic hydrate to two and one-half grams of 
nitre and ignited with subsequent addition of weighed por- 
tions of nitre until the mass had become white. The sul- 
phuric acid in the potassic hydrate and nitrate was determ- 
ined and deducted from the total found. Every precaution 
heretofore given was exercised in these determinations of 
sulphuric acid, and equally so in the case of the phosphoric 
acid, which was thrown down from the filtrate from the 
baric sulphate as ferric phosphate and then by ammonic 
molybdate as usual. . 

These results make evident the error in the sulphuric 
acid determinations by the method of direct incineration as 
given for these samples; but show no loss for the phos- 
phoric acid. These were the primary objects of the deter- 
_ mination, but the samples were chosen with the purpose of 
_ giving duplicate determinations of these constituents, partic- 
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ularly of the sulphuric acid in the ash of the leaves and ofthe — 


phosphoric acid in that of the roots, which seemed anomal- 
ously high, but the correctness of the other determinations 
was more than fully established in this far, that the ash of 


the leaves contains large quantities of sulphuric acid, and ~ 


that that of the roots is next to that of the seed _in richness 
in phosphoric acid. The leaves are rich in albuminoids, 
chlorine, and sulphuric acid. We have no where made any — 
distinction between sulphur and sulphuric acid, and, though 
it is probable that a large proportion of the sulphur is pres- 
ent in the leaves as sulphate of lime, it is certainly not all 
present as such. There are two ways of explaining this 
that suggest themselves to the ordinary mind: either they 
are simply accumulated there, being brought here more 
rapidly than they can be disposed of by the.plant, or they 
are gathered there for some functional purpose. The de- 
cision of this matter we leave to the physiological botanist ; 
but until we learn better we shall continue to think it more 


probable that it is for the functional purpose rather than | 


the result of simple accumulation. 

Reference has been made in the bulletin proper to the 
attempt to determine the nitric nitrogen in alfalfa hay. — 
The reducing agent used was neither of those recom- 
mended for this purpose; but was metallic iron in conjunc- 
tion with precipitated copper. I have found this a most con-. 
venient and efficient reducing agent for converting nitric 
acid into ammonia and have given it preference in this 
work. [am not aware that this has been recommended by. 
any One previous to this time. | added two grams of crys- 
tallized cupric sulphate and one and one-half to two grams 
of reduced iron. As this will give from 13.78 per cent. to 
13.83 per cent. of nitrogen in potassic nitrate, | deemed it of 
sufficient delicacy to give reliable indications in this investi- 
gation and have already given the results obtained. 

All methods not given in this appendix were the con- 
ventional methods. 

_ The fodder analyses were made by Mr. Ryan; also the 
soilanalyses. All others were made by myself. 

We have brought together in the following tables our 
own analyses of alfalfa hay and separate parts of the plant 
calculated on the basis of dry matter: also all the analyses 
of other stations so far as we have been able to find them. 
‘De oe eee in ue original publications as 
still others in he raha ee a eas ie eee 

srs sre adopted. Of course, all of the 


hirst two classes appear here in different percentages from 
those in the originals. a 
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The writer is not familiar with the conditions in Cali- 
fornia, Texas, etc., but the results of the, analyses show in 
some cases most remarkable differences. With us in Colo- 
rado, the youngest plants analyzed (cut while very imma- 
ture--May 5th—from three to four weeks before blooming), 
show 25.72 and 31.52 per cent. of crude tiber for two differ- 
ent types of plants. These are the lowest percentages ob- 
tained by us for crude fiber from any Colorado sample; but 
none of the New Jersey samples reach 25 percent. The 
Texas samples vary greatly, and the Kentucky samples are 
all below 25.2 percent. The fat in these samplesis from 
two to four fold that found in our samples, and the nitro- 
gen free extract is as a rule higher, though in some cases it 
is lower. Those of all the samples which approach nearest 
to Colorado alfalfa are given by the Massachusetts Experi- 
ment Station. There are two points in which all the analy- 
ses agree, 1. e., in showing high percentages of ash and pro- 
teids, the latter reaching its maximum in the Texas sam- 
ples, followed closely by the Kentucky and Georgia sam- 
ples; while the Colorado samples are very low in the series, 
the single samples from California and Vermont being the 
only ones below them in this respect. 

It is futile for a person unacquainted with the soil con- 
ditions, the climate, the cultivation, and every detail of the 
conditions under which the plants were grown, the stage of 
development of the plants at the time of cutting, treatment 
of samples, etc., and even to these are to be added other 
very imperfectly understood factors, to attempt to explain 
the causes of the differences in the samples. The distance 


* between Cape Ann and New Brunswick, N. J., is nearly the 


same as that between Fort Collins and Rocky Ford, and 
from New Brunswick to Raleigh, N. C., is about twice as 
far, while the latitude of New Brunswick and Fort Collins 
differs by only about one degree. Yet, the samples 
from Massachusetts and North Carolina are nearly identi- 
cal with the Colorado samples; while the New Jersey sam- 
ples differ very materially from them. We have four sam- 
ples grown in different climates and soils; three of them 
awree in composition and the fourth one differs. The dif- 
ferences are not so marked in the other samples. I have 
found no complete analyses of alfalfa ash in any of the 
Station bulletins; the only ones that I have noted being 
four partial analyses given in Texas Bulletin No. 20, and 
two in Massachusetts State Experiment Station Report for 
1888. These analyses were made with reference to the fer- 
tilizing value of the mineral constituents contained in them 
and not to determine all of the ash components. 
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FODDER ANALYSES... 
J 5 qa »~ " ish | 
A ze | 38 ce 333 | 28 
3. | BHO DES SR Be: Sey ee 
isa} Ay Z ica) Zi 
Cut very a ee ete Sera tine elt hooiiS oO: 22.890 Oy SOLES le teste 3.318 
TOE AV ONY VOUT «hes sitte cio cn SnGle.e 6 Sie wincere yee n'ols Soars 21 030 Sloe onl aue seen 3.365 
IN Gatnititeio LOOM Sa- OF Oe wtaice cnt cee erie wie 10.66 2.020 16.270 36.700 34.345 2.604 
INGE DLOOHES he telapies Nive sraelslnyeie stein 10.54 2.011 16.275 87.180 33.895 2.604 
NOUTT DLOOUN cee ate ontese teenie eer 9.92 1.650 17.120 40.580 80.730 2.740. 
(Nebritt DLOOMIG ¢ fal teieiste wis atten oe Sleidle enters 9.82 1.740 17,120 4), 920 80.400 2.140) 
PPHAL EN DLOOML re erecta acne 9.89 1.260 15.370 88.880 34.600 2.549 
(ERS DAN Es DLOOM Aen ee cctenss twice 2 <enyanere 10.06 1.610 15.370 38.5380 3-4 430 2.549 
Pictalls Ploomis tess tite wiceon ah Pate 9.68 | 2.800 | 15.304 | ...... nea 2.420 
EE EOEH. DLO ODA tats ve Gree alors wye rete sale 9.88 2.240 15.804 38.500 34.760 2.420 
Instill bloom! so cnideecanve trwlene ga ele Lone: 1,250 15.027 42.880 30.318 2.404 
MEEK LOOM cree citiceste aie lef eiveie a ass Oe 10.48 1.360 15.027 42.670. 80.513 2.404 
TAS iL ot lac re eee erg Somers, eae eet 10.71 1.580 15.660 36.110 35.990 2.506. 
Dy FOL DIGOM eles, vec a nine ve ontecemee 10.81 1.780 15.840 86.390 39.230 2.584 
LEA TELE OEOOML 5 ie coca ss sh aptoe emeihosas oe be 11.01 1.664 16.020 35.380 35.980 2.566 
IPLURERULL PLO CAKE Si minitieisit o. dicteinie.cceiey aiehs wheits 11.19 1.622 15.490 34,590 87.110 2.478 
PAA LOGE. cx oo vais as alae sm attiamae tie 11,41 1.450 15.840 86.900 34.400 2.5384, 
et PAOOM Sa esdee wince cease tlersts 12.27 1.810 17.240 84.590 34.070 2.758 
ip PO IDIOOM ass axpou ener edeaetene 12.20 1.640 16.360 33.900 34.900 2.618 


ERTGERLULR OGL Waie ccikh aiavacla testo are” TAL 1.080 12.812 48.390 80.610 
TIPE KEEL BOOOL Se ctacaraie Motesalise we alone 7.41 960 12.656 48.380 30,590 
Tretulikeood seed sake ce See el LORE 2.060 14.690 40,800 32.210 
im tailiseeduenescycicsteatiaee eet eed OCed 2.210 15.310 39.450 82.590 


SECOND CUTTING. 
NGG AN BLOOM Beats rceiscca, He viape aera 11.23 
INOUTEDIOOMK ees snes o-c face, ootoak.s tote 10.91 
Coming in Ibloomey, 5/0. sen. 2s. te ceeth 12.50 
mOOnUNS 1H DlOOM. o..6). <arcdsae ees 12.44 
2 LUEWE 19) 00s) Noein eeiaee aa eM Or oa aai en 11.31 


2.050. 
2.025 
2.350 
2.450 


340 | 17.560 | 30.860 | 88 810 2.810 
610 | 16.670 | 30.920 | 39.890 2.670 
190 | 18.820 | 33.950 | 88.540 3.0L. 
190 | 18.850 | 34.320 | 33.200 3.018 
260 | 16.080 | 39.880 | 31.470 2.572* 
600 | 18.781 | 39.480 | 85.129 2.205 
430 | 13.781 | 388.910 | 35.979 2.205 
840 | 18.240 | 39.770 | 33.680 2.119 
.860 | 13.630 | 39.570 | 33.490 2.180 
.220 12.580 33.200 43.440 2.013 
220 | 12.580 | 33.520 | 48.000 2.018 


MELEE LOOM: clatetaatcmunss Ustsiett alors ciamiale 11.55 1.510 16.190 36 520 34.230 2,590. 


Muallsplaoms we cand mids Ge oa Sete 10.01 
ROM DOOM ancient cc cnc ctor hee 9.90 
Hei lOOmie rs steamers ee ee 11.47 
Merl bploom. cas she ee ke eee 11.50 
MALLY BOOG a: f. tes secitc Satake ace heme 9.56 
Barlyiseed zl lei eenshs dale ween wee 9.68 
THIRD CUTTING, 
Hay from College farm............... 9.09 
Hay from College farm...... ........ 8.66 
Hay from Rocky Ford..............:. 10.47 
Hay from Rocky Ford................ 10.08 


PARTS OF PLANT. 


POCO aya hitas a Mees Sao RRO 3.15 15. 236 31.340 22.540 27.640 5.014 
ROO Reser tends knots arcs «ieee ae a 3.19 15.400 31.700 22.570 27.170 5.072 
HLOWOTE Ih Shcale tant cter hrc ne ae 9.85 2.210 22.350 20.850 44.740 3.576: 
G20 I vetoes 22,350 PLY Ti iss As. 8.576 
3.020 20.730 16.920 44.140 3.319 


3 
15.19 3.190 20.730 46.720 44.170 8.319 


oo oe el 


710 13.000 39.550 36.650 2.080 
710 13.060 39 160 37,410 1.930 
. 380 12.910 34.670 40.570 2.064 
410 12.680 33,880 41.950 2.029 


ee ee 


LO WORE er Aa ccoeee ashe nes Fee een 10 
Leaves ... 

RIGAVOR: 2 core een. Ne 
IGAVESL foun aoe nk 


Sarat 12.48 4.690 24.300 13.650 44.830 3.802 

nai maa U Nee Riot Mev awal aN es 12.48 4.690 25.290 18.650 44.090 4.046 

EA DG SOE SORT ae eto ne Sea ee 14,84 4.770 24, 240 11,370 44.780 8.878 
s - Pa | 
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wo FODDER ANALYSES—-CONCLUDED. 
Bel ¢ E 
HE 28 253 gas ag 
a | gs) 38 | 33 |) S32 | ae 
= #5 RO ih} ae =) ene 
Fa Ps Oey) gee ee 
ca Ay z = 
LOGI GET Cise shot Ct ie AEN ee oe 14.61 3.750 24.690 11.650 44.300 3.950 
Leaves 15.08 3.078 25 .500 13.760 42.630 4.088 
JOOS Rs Seer ac Oc GORRSre SAA 1b.54 3.109 24.500 13.830 43,420 3.920 
PSE GE Set hig ie tate arn, aceon ee to dias Delo 953, 6.480 57.510 29 870 1.035 
(OTE te AR a ome RI 5.30 .900 | 6.470 | 57.610 | 29.720 | 1.035 
Stubble, includes 6% in. of the roots.. 4.47 .518 12.160 88.190 45.000 1.945 
Stubble, includes 64 in. of the roots.. 4.51 610 11.750 37.400 45.730 1.880 
[EIS IRS 0 Cg Me ies Se ie ie rae REE" -760 | 11.500 | 26.530 | 57.310 | 1.758 
Roots, 4.04 680 11.210 26.120 57.950 1.717 
ROOtSs. Ae Rick ceasing aalcale sis hestran stelsts 3.88 1.090 10.690 25.430 58.910 1.710 
UOC Galen AGA ee hoo icant Ob tna aise 3.59 1.190 10.640 25.490 58.790 1.703 
IBArierOLTrOOtec. 5 fn etesceint Wetam eh ee 5.40 2.160 14.750 22.790 54.650 2.360 
Inside portion of roots ............... 3.64 2.920 8.000 30.330 55.140 | 1.280 
COMPILED ANALYSES. 
> fee |.92:| s6 ld.e8| 32. 
2 |S8/ BS | BS BSeé) sss 
me [ee ce | Se ee ee 
[Nerantlhy2%6 Daas ooeaeciace aie 7.97 | 1.12 | 16.27 | 34.89 | 40.25 | 2.603 | Mass. State Expt. Sta. 
Not fertilized...........:. 7.10 | 1.04 | 14.41 | 32.41 | 45.04] 2.306 | Mass.Rep. 188%, p. 165. 
No description given ..... 8 25 | 4.47 12.60 | 52.94 | 41.74] 2.020 | Vt. Rep., 1891, p. 49. 
Drilled, Petre: 9.88 | 4.34 | 20.80 | 24.384 | 41.14] 3.240 | New Jersey Rep., 1888 
20) cut... Miokerscie 7.89 | 3.78 15.24 18.36 54.78 2.488 re oa i = 
es Srdeomtinr sess acne 9.19 | 4.22 17.72 | 18.24 | 50.63 | 2.885 a me Us ie 
Me AE CUD oie a cicsra'eh 10.55, | 5.14 21.72 21.06 A} 58 3.475 rs i ie me 
Broadcast, Ist cut 10.52 | 4.07 20.73 23.11 41.57 3.316 ~ ne Be ie 
2nd cut 8.22 | 3.24 16.76 23.70 48.08 2.681 ts es of eS 
Me 3rd cut 9.80 | 0.69 17.64 | 21.60 | 50.27 2.822 # Bs Sh st 
aS 4th cut 10.42 | 5.81 19.64 | 2£.58 | 42.55 | 3.142 Se % ss ¥ 
Cut April 20, irrigated.... | 12.91 | 6.14] 18.13 | 27.56 | 385.27 | 2.9C0 | Texas Bul. No. 20, 1892 
ee 29, irrigated.... 12.30 | 5.15 19.93 29.87 32.72 8.190 re is i 5 
“May: tte irrigated... 10.34 | 4.87 19.18 | 383.61 | 31.98 3.070 us < oh i 
ry ‘* 30, irrigated 8.00 | 3.61 15.31 34.23 38.85 2.450 S a y ss 
ey a 30, PANG WG) 0 roe 15.26. | 8.10 | 28.56 | 25.20] 32.88 | 8.770 BE s os iy 
‘ April 3, not irrigated | 10.94 | 6.30 25.75 16.64 40.37 4.120 ye Be a 4 
Se “ 21, not irrigated | 10.59 | 7.25 25.68 22.98 83.50) 4,110 oe Be ee i 
‘May 11, notirrigated. 8.04 | 6.60 17.37 30.25 37.70 2.780 RK? AS a Ms 
Flowers begin t to BRDOAT:« 11.85 | 4.48 | 23.38 | 19.76 | 40.53 | 3.140 | Ky. Rep., 1889-90, p. 19 
In bloom........ a | 7.72 | 3.00 | 16.86 | 25.15 | 47.27 | 2/698 Ga oe Se 
Pods formed. LD] 9l67 | 2.071 14:88 | 25.19 | 48.22] 2.405 Rican ach 3) kt 
* No description given.. 7.98 | 2.49} 17.42 | 33.54 | 88.62) 2.787 | N.C, Rep., 1889, p. 82 
+ Sample inferior hay. 5.79 | 1.66 9.06 ; 39.97 | 48.52 | 1.450 | Cala. Rep., ’91-2, p. 125 
No description given... .. 4.28 | 2.22 | 21.86 | 29.55 | 42.09] 3.498 fo Bul. No 7., 1890. 
No description given...... 7.8% 102,66 9) 16.24.) 81°08 )..42..15) "2.569 . Y. State Rep. 1889 
Beginning to bloom ...... 10.5 27h [6.3 25.4 | 45.3 | Mass, aaa Hxpt. Rep.’85,p 70 
Birstcut (b) .. 7)... 9.3 2.6 | 20.1 28.3 .7 | N.J. Exp. Sta. Rep, 1886, p. 160 
Aéecnd eee (b) 6.9 1.9 18.6 35.0 6 wi vs vy v7 ‘ 6 
BET cub CD) eves one rete. 6.6 2.1 16.0 33.5 8 ‘* a Ek rf te i 
In bloom. ist cut fertiliz’d 7.2 15 ee 28.5 .7 | Mass. St. Exp. Rep. 87, p. 181 
not fert’z'd 7.8. | 201 13.0.) S279 3 SEER CU SES | TACOMA CS gall Shaemes 
Coming into bloom. . 8.8 2.2 | 18.8 30.1 1 | Vt. Expt, Sta, Rep. 1887, p. 130 
Seed in dough............. 8.6 24} 16.1 | 32.8 aL aetna 
Time of cutting unknown 8.1 3.2} 16.6 24.2 .9 | Colorado Expt, Sta. Bul. 8, 1889 
Third cut. not eed HIND 3.0} 21.9 13.6 5.0 i sit Albanese % 
Cut for seed, Sept. 25..... 79 4.2) 12.3 24.5 ail 4 Ea bi egy ie 
Third cut, very ed ee 91 24) 12.2 | 26.3 0.0 ; igh 2 tan : 
Cut July 15, in bloom. . i1.2 2.5] 11.6 15.4 53 ; * ‘ } 
“June 6, not irrigated 9.8 2.8 | 13.5 21.0 2.9 s f bi iA 
“ July 25, irrigat’d twice 1:9 2.0 | 12.4 25.0 Paar ; Na e 
July 25, pean once 8.5 2,9.) 10.3 24.1 Bae ‘ oe ete E 
acces out... g.8 sedot he Mog be 22.2 : be ots Se 


* The analysis of the North Carolina sample, asit appears in their report, contains a typograph- 


ical error, as the analysis shows an excess of 5 per cent. 
nitrogen free extract, and have re-calculated the analysis giving the percentages on the basis of 


dry matter. 


I have assumed that the error was in the 


+ The writer of the article in the California report states that the sample was mosily stems and 
that it was not a fair sample of California alfalfa hay. 


{26 days from time of previous cutting. 
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PLATE L 


The plant represented in this plate grew in a rich, loose soil, with a heavy clay subsoil 
and an abundant supply of water, the water level ranging from 4 to 8 feet from the surface at 
different seasons of the year. The diameter of the top was 18 inches, and the number of stems 
360. The plate shows how these crowns gather soi] around them, for the length of the under- 
ground stems is seen to be several inches, and this represents the accumulation of nearly this 
much material about it. 

This is one of the largest plants that I have yet found. The specimen, as photographed, 
was dug April 30th, 1596. 


PLATE IL 


This photograph represents the face of an opening made to the depth of rather more than 
18 feet in an alfalfa field on the Experiment Station Farm, at Rocky Ford, Otero County, Colo- 
rado. The soil is a fine alluviam. The roots penetrated toa depth of 12 feet 6 inches, and the 
simplicity of the root system is well shown, the roots being shown in their natural position. 
The upper margin of the photograph represents the surface of the ground, which lacks sufficient 
sharpness to show the crowns and stubble in the picture. 

This alfalfa was four years old and cut from four to five tons of hay a year. The diameter 
of these roots, just below the crown, averaged a little less than % inch. 


PLATES Il. AND IV. 


The two succeeding plates represent the largest alfalfa roots that I have seen. The root 
system and the tap roots are exceedingly large; they were of very nearly the same length—11 
feet 9 inches—measuring from the crown of the root to the deepest point to which the roots had 
penetrated. They were not dug at thesame time and are different types of roots. The tops of 


these plants measured over 5 feet 3 inches. They were obtained on the place of Mr. J. H. Walter, 
in Weld County, Colorado. 


PLATES V. AND VI. 


The two succeeding plates represent typical roots, grown on the place of Mr. J. H. Walter, 
in Weld County, Colorado. The smaller roots have been placed as nearly in the relative position 
which they had when taken from’ the soil as possible. These roots were very large, having a 
diameter below the crown of linch. Unfortunately it was impossible to have the plants photo- 
graphed immediately after digging them, and the leaves have fallen from the stems. 


PLATE VIL 


This cut represents an unusual form for an alfalfa root. It has not arisen from the tap 
root having received an injury at some time, for it is present, as may be seen upon close inspec- 
tion, in perfect condition. It is difficult to distinguish between the branches of this root; they 
have about the same size and length, and one of them would serve as well for the tap root as 
any other. The root seems to have divided into five roots a little below the crown, each division 


going down separately, as an independent root, instead of going down as a single tap root. The 
length of this root was nearly 11 feet. 


PLATE VII. 


This plate shows a root with more than the usual amount of branching, also the crown 
as dead on one side and developing on the other. The particular and anomalous feature about 
it is the throwing out of the two small roots at the crown. This is one of the very few instances 


of this which Ihave seen. In this case, as in all others which I have seen, these roots, although 
small in diameter, are as long as the larger roots. 


PLATE. IX, 


Yearling plants grown on a highly cultivated soil: the maximum depth to which any of 
them had penetrated was 3 feet 9 inches. The soil was a fine prairie loam, with a clayey sub- 
soil, succeeded by a fine yellow sand. This soil offered no resistance to the growth of the roots. 
The black spot on one of the roots is the remnant of a dead root, which, having died and 
decayed, left an open channel which the alfalfa root had followed. I have traced alfalfa roots 
for four and five feet where they have followed the course of decayed willow roots. 


PLATE X. 


These roots had a length of 9 feet 4% inches and were nine months old. The field had 
been sown to alfalfa with oats in the spring, and one ene! of alfalfa hay was made in the 
fall. The yield was about three-fourths of a ton. 

The difference in the development of these young roots is no greater than is often found, 
and I see no satisfactory explanation for the facts. The yield from fields in which the roots 
are small is just as good as from those in which the roots are larger, without any perceptible 
difference in the quality of the hay. Some of these seedling roots were almost as large as any 
of the roots of the plants four years old, growing in an adjacent land. I do not know how soon 
an alfalfa root may acquire its full growth. 


PUA io. 


It was not possible to get the details of the small roots in photographs of plants whose roots 
were from 7 to 11% feet long. We present in this plate the terminal portions of two roots, 7% 
feet from the surface, each showing nodules, which appear as round or irregular black spots on 
the roots. 

The extremities of the tap roots, I regret, were broken off. 


PLATE XIL. 


This plate represents the terminal portion of a tap root, 11 feet 9 inches long. There was 
a fair degree of moisture, but no water at this point. Tasre are afew nodules observable in 
the plate, but they are few in number and small. This root was in a parfectly healthy condition 
and was apparently growing vigorously. The spongioles were long, bright, and had every 
appearance of health and vigor. 


PLATE XII. 


This is a mat of roots as it was exposed near the bottom of an excavation by the removal 
of a part of a layer of coarse gravel, leaving the roots in a cavity. It was due to the looseness 
and size of the gravel that we were able to obtain the fibrous roots intact. This gravel bed was 
filled to its upper margin with water, into which these roots penetrated for about 6 inches. 


PLATE XIV. 


Root nodules are often small and present in large numbers, being strung along the root as 
small, more or less round or cylindrical bodies, as may be seen to great advantage by digging 
up a plant of some of the small growing vetches or red clover, although on the latter the 
nodules are less abundant and larger. They usually occur on the roots of the alfalfa, isolated 
or grouped together, often forming colonies of considerable size, as shown in the accompanying 
plate, the largest of which were over 2% inches across. These groups were of all shapes; some 
were globular, others flat and irregular in outline. The figures show this plainly. Some of 
them were broken and shrivelled; others were white and solid. The nodules represented were 


found at the depths of from 2% to 5 feet.. 
PLATES XV., XVI, AND XVII. 


The following series of three plates, with six plants, is intended to show the progress of 
the decaying of the roots at the crown, mentioned elsewhere in this bulletin. 

In the first plate one part of the plant has been pulled to the side to show the cavity, 
which would otherwise have scarcely been seen. In the second one the root has been split down 
to show a more advanced stage of decay, and also the manner and depth to which it penetrates 
into the interior of the roots. The rest show different stages in its advance and the manner in 


which it affects the crown, finally killing it. 


PLATE XVII. 


It is stated in the text, under the head of Roots, that it is difficult to explain the fact that 
alfalfa plants whose roots have been cut by gophers or mice continue to grow. As we believe 
the long 100ts to be necessary to the feeding of the plant, the statement is made in this connec- 
tion that the alfalfa root does not, when eaten off, throw out adventitious roots, which are 
sufficient to supply so heavy a feeder as this plant is. The following plate is intended to show 
this and is of plants said to be ten yearsold, The plants were very much crowded and were all 
small. They were plowed up on April 29th, and the one with the smallest roots had as large 
a growth of top as any of the other plants. I cannot judge how long it was since the injury 


to the roots occurred 
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SUGAR BEETS. 


} 


AGRICULTURAL DEPARTMENT. 
W. W. COOKE. 


The present bulletin is written as an answer to the many 
letters that come to the.Station asking for information 


_ about sugar beets. The fact that the number of these let-_ 


ters has largely increased during the past year shows that 
there is a renewed interest in the subject. 
This Station has already sent out four publications on 


the subject of sugar beets, giving general instructions for 


their cultivation and detailing the results obtained in the 
experiments on their growth at the College Farm, onthe 
sub-station at Rocky Ford, and at various places through- 
out the State. These publications have long been out of 
print and for this reason it is deemed advisable to repeat 
here some things that have been before published. 
During the five years since the last bulletin on sugar 
beets was issued, the Station has continued its experiments 


at the College and many facts have accumulated concern- 


ing the adaptability of other parts of the State to sugar 
beet growing, so that we now have a pretty clear idea of | 
the conditions of the problem for Colorado. 


MARKET, 


All manufacturers desire first of all to cultivate the 
home market in order to save transportation charges. He 
considers himself fortunate who can sell his entire product 
at the door of his factory. Such isthe state of affairs that 
exists for the manufacturer of sugar in this State. Colorado 
pays out each year about $500,000 for sugar. _ This state- 
ment is based on the assumption of half a million inhabi- 


tants each consuming sixty pounds per year at a cost to the be 
importer of five cents per pound. It would be a great help — 
to the State if this money could be kept at home, as it ~ 
would be if sugar was made here, since after the factory is — 
once built nearly all expenses are for material and labor — 
produced in the State. To produce the sugar consumed by ~ 
the inhabitants of Colorado, would require five factories of — 
large size employing two hundred men each, who with their 
families would represent about four thousand people. It 
would require the growing of sugar beets on fifteen thous- — 
and acres of land:and add more than three hundred dollars 
to the income of each of two thousand farms. 


PROFIT. 


Are Colorado conditions such as to make the manu- 
facture of beet sugar a profitable industry? The profit of 
the industry to the factory owner, depends ultimately on 
the price for which he can sell his product. This market 
price is at present so largely dependent on political legisla- 
tion that the question at the head of this paragraph cannot 
be answered with any-certainty. 

What canbe said is this; that sugar beets will grow as 
well in Colorado as any where in the world, both as regards 
their quantity per acre and richness in sugar. Moreover, 
land suitable for the growth of the beet exists in large 
bodies now under cultivation in several different parts of 
the State and this land is near to enormous deposits of coal. 
and lime and but a few miles from the centers of popula- — 
tion that. will consume the finished product. It follows 
therefore that if prices are such as to make the business. 
profitable anywhere, then it will pay in Colorado. 


GROWTH. 


The best possible climate for the growth of the sugar 
beet is that found in the section of Colorado east of the 
foothills of the Rocky Mountains and below 5,000 feet alti- 
tude. There are many valleys in western Colorado that 
have a similar climate, but the parks of the State are too 
cold for the sugar beet to be grown with profit. 

_._ The rainfall of Colorado is too small to grow the beet | 
without irrigation, so that its growth will be restricted to the 
irrigated portions, especially to the valleys of the Arkan- 
sas, the Platte, and the Grand. 

The soil best adapted to the growth of sugar beets isa 
rather firm sandy loam; such land as is used in northern 
Colorado for growing potatoes, and in the Arkansas Valley 


t 
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is planted to corn. A factory to be profitable must have at 


its command the beets from at least two thousand acres. 


There are several places in the Platte Valley where five 


times that amount is now yearly cropped in potatoes and 
equally large bodies of land are devoted to corn in the 
Arkansas Valley. . 

: PLOWING. 


A. common cause of failure among beginners in sugar 
beet culture is a lack of thorough preparation of the soil. 
The sugar beet grows with the entire root below ground, 
and as this root should be at least twelve inches long, it fol- 
lows that only the deepest of plowing will make a suitable 
condition for its growth. The land should be plowed in 
the fall and subsoiled to a depth of fifteen to eighteen 
inches. Thisis especially necessary in an irrigated district, 
for under irrigation, where the ground is plowed eight 
inches deep year after year, there is a layer of soil just be- 
low the furrow that becomes very compact and so hard that 
the roots of the sugar beet cannot penetrate it. 

If the plowing is done in the fall, nothing more will 
be needed in the spring but a thorough harrowing just 
before planting. The harrowing should be continued un- 
til the ground is very fine and,smooth. If the plowing is 
done in the spring, it should be delayed until just before 
planting, so that the weeds that have started will be killed 
and the beets have a chance to grow before the next crop of 
weeds appear. 

PLANTING. 


The planting is done in drills and may be by hand or 
machine according to the’size of the field. The best results 
are obtained by hand planting, but this is too expensive for 
a large field. An ordinary garden drill does very good 
work, but on the large scale some machine drawn by horses 
will be employed. There are special horse drills made for 
the planting of sugar beet seed and these are the imple- 
ments mostly used in the vicinity of factories. For the one 
who wants to experiment or grow a few acres for stock 
feed, an ordinary wheat drill makes a very good substitute. 
Inthe 8-hoe drill leave open the first, fourth and seventh 
hole and stop up the rest. This makes the rows of beets 
twenty-four inches apart, which is none too far for irriga- 
tion. Suppose the first hole on the right-hand end of the 
Malevich heft) open, land: seeding” is’ begun sat > thez 
right-hand end of the field. Then the first time across, the 


_ right-hand wheel of the seeder is run close to the edge of 
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the field. In returning, the left-hand wheel follows the 


track it made in crossing. In starting across the second — 


time, the right-hand wheel should go sixteen inches from — 
the track it last made. In this way all the drills will be | 
twenty-four inches apart. re | 

The seed should be sown at the rate of about twenty — 


pounds to the acre. This is far more seed thanis needed if ~ 


all grows, and a large part of it will be pulled up when thee 
plants are thinned. But the most serious obstacle to a — 
large crop is the lack of a full stand and the only way to get © 
the ground well covered by plants is to start many more ~ 
than are needed and thin out the surplus. : 

The seed should be covered about an inch and a half 
deep. If seeding happens to be done just after a hard rain, 
when the ground is thoroughly wet, half an inch*deep is 
sufficient; but usually, in Colorado, the ground is ratherdry 
at time of seeding and unless the seed is covered quitedeep, — 
there will not be sufficient moisture to insure germination. 
The getting a good stand is by far the hardest part of rais- 
ing sugar beets. : 

There are a few favored spots in Colorado where irri- 
gation watercan be obtained very early inthe spring. Ifthen 
the plowing has not been done in the fall, it may be advisable 
to irrigate the ground thoroughly before plowing, and thus 
insurea good supply of moisture in the subsoil. 

If, after the seed is sown, there comes on such a dry 
spell that the seed has to be “irrigated up,’ the chances ofa 
profitable crop are slight. Even in such a case, there is — 
some chance of success if.a small furrow is made six inches 
from the seed drill and asmall head of water allowedto run _ 
for quite a while until it has wet the seed by soaking side- 
ways without running over the surface above the seed. 
This could only be done where the ground is well prepared 
and has a uniform slope. 

Planting may be done any time from the last of March 
to the middle of June. If planting for a factory, it is advis- 
abie that both early and late planting be done, to extend the 
season for running the factory as long as possible. Where 
the beets are grown for stock food, the planting will be 
done at about the time of corn planting. Sugar beets sown 
the first of May will be ready for harvesting about the first 
of October. 

CULTIVATING. 
ee enon should take place as soon as pos- 
cae a tok as enough of the plants show so that the 
owed. Many forms of cultivators are.on the 
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market for this particular purpose. Any of the tools used 
for cultivating onions will do good work on sugar beets. 
‘The ordinary one-horse cultivators are often sold with 
special attachments for working on beets. Whatever im- 
plement is used it should merely scratch the surface of the 
ground, leaving it level and killing the small weeds, without 
throwing dirt onto the young beets. This cultivation needs 
to be repeated about once a week until the beets are large 
enough to shade the ground and conquer the weeds. The 


ground should be cultivated after each irrigation to throw. 


the, dirt back into the irrigating furrow and make a dirt 
mulch on top that will preserve the moisture. The cultiva- 
tor should also be run after each rain that the crust formed 


may be broken up. Ordinarily, it will require about five 


- cultivations to keep the crop in good shape. 
| IRRIGATION. 


The uses of irrigation before plowing and to germinate 
the seed have already been mentioned. It is advisable to 
delay the first regular irrigation as long as possible. When 
it is necessary, it is always given in furrows, care being 
taken to keep the water off the surface and not let it touch 
the crowns of the plants. .All beet crops in Colorado will 
require one irrigation, and may need two or three. The 
cultivator should be run as soon as possible after each irri- 
gation. : 

The most of the sugar is made by the beet during the 
last few. weeks before it is ripe. To make the highest per 
cent. of the best sugar it is necessary that at this time the 
plant should almost cease growing and devote its energies 


to storing up in the root, as sugar, the nourishment that has ~ 


already been taken from the ground and elaborated in the 
leaves. If water is applied at this time by rainfall or by irri- 
tation, itinduces the plant to keep on growing, making a 


large weight of crop, but one containing a low amount of 


sugar. Hence the last irrigation should be given about six 
weeks before the crop is matured. This will: be from the 


first to the middle of August. In 1895, there was a heavy — 


rain in September at the College Farm, which kept the 
beets in full growth until frost and gave a crop with much 
less than the usualamount of sugar. Such rains very seldom 
occur in Colorado and this fact coupled with the control that 
the farmer has over his water supply under irrigation makes 
_the growth of a crop with the largest amount of sugar more 
reliable in this State than in those sections that depend on 
_ rainfall to grow the crop. 


, 
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THINNING. 


The thinning should be done when the plant has four 3 
leaves. The plants should be thinned so as to leave one ~ 
plant in a place and the plants from eight to ten inches — 
apart. If the crop is being raised for stock feed and the 
drills are two feet apart, a plant can be left every six inches. 

In general there is not much difference in the weight of the a 
crop, at six, eight or ten inches apart, if the soil is rich and ~ 
there are no missing plants; but the closer the roots are _ 
left the less likelihood there is of missing spots and the 
larger the crop on medium rich soil. 2 ! 

In beets for the manufacture of sugar it is not desired _ 
that they grow to a large size. They contain the largest | 
amount of sugar when they weigh about two pounds apiece. 5 
They should average under this size rather than over. For 
stock feed there is less objection to the large beet. By 
thinning to twelve inches on rich ground it is easy to get — 
beets that weigh five pounds and over, inferior for both ~ 
sugar and stock food. ‘| 

The thinning is usually done both by the hand anda | 
hoe. With a narrow, sharp hoe the drill is struck cross- =| 
wise and the beets cut into hills. The final thinning of 
these hills to one plant, must be done by hand. 


sy 


FERTILIZING. | : 2p eee 


The sugar beet takes from the ground a large amount || 
of plant food. It follows therefore that the land must be ~ 
liberally manured to keep it fertile. Most of the éultivated — 
land in Colorado, contains at the present time, plenty of — 
fertility to grow several crops without manuring; but at | 
most this is only a temporary condition and sooner or later 
the farmers of this State will have to follow the customs of 
_ their eastern brethren and put as much plant food on the, 
land as the crop carries away. 

For the next few years most beet raisers, will obtain | 
fertility for their crops, by growing alfalfa and plowing 
under the sod. In this case the beet should never follow 
the alfalfa immediately, but a crop of grain should be grown 
first. This will rot the alfalfa roots and work the scil into 
better shape for the sugar beets. 

Unless in the case of alkali fields,which will be mentioned 
later, it is not considered advisable to grow beets more than 
two years 1n succession on the same ground. Where the 
supply of suitable land is not limited, better results will be 
obtained by raising but one crop, following the next year — 


: * 
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with grain, or seeding back to alfalfa. Thus the rotation 
would be alfalfa three years, wheat one year, beets one 
year, oats one year with alfalfa seed; and alfalfa for the 
next three years. 

When it becomes necessary to fertilize the ground with 
barnyard manure, the best crop to follow with is corn. The 
rotation would then be corn, beets, grain two years, manur- 
ing the second year after the grain, and then planting corn 
again the fifth year. If the stable’ manure is applied just 
before the beets, it produces a large crop, but the amount 
of sugar is small. 

VARIETIES. . 

The varieties mostly used are the Kleinwanzleben ana 
the Vilmorin. The beet sugar factories import this seed and 
sellit to their patrons at cost. An attempt is now being 
made in Utah to grow sugar beet seed on a commercial 
scale: 

HARVESTING. 

Harvesting for the factory is commencedias soon as the 
beets are ripe, which stage is known by the change in color 
of the leaves from green to yellow and at the same time the 
leaves droop to the ground and many of the outer leaves 
die and wither. Beets for stock food should be left in the 
ground as long as possible and gathered just before the 
ground freezes. In Colorado the harvest will extend from 
October 15th in the northern part toa month later in the 
southern and western portions. 

Harvesting may be done by a beet puller made for the 
purpose, which looks much like a sulky plow, but in place 
of the plow are two strong iron prongs. When the machine 
is driven lengthwise of the row these prungs dig deep into ~ 
the ground, one on each side of the beet and loosen it from 
itsbed. It ‘can then be lifted out by Hand. A simpler 
method, and almost as good, is to plow a deep furrow by 
the side of the row of beets and as close to them as pos- 
sible without cutting them. They may then be loosened by 
pushing sideways into the furrow and pulled by hand. 

The most tedious and expensive part of the harvesting 
is the topping. Although machines have been invented for 
doing this, they have not been successful and the work is 
still done by hand. A strong heavy knife is used and with a _ 
single stroke the leaves are severed from the root. If for 
sugar, the ‘‘neck”’ of the beet is cut off with the leaves; that 
is, the part of the beet from which the leaves have grown. 

For stock feed, where the beetsare to be kept in a root- 
cellar for several months, .this neck is left on the root, the 
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leaves alone being cut off. Under this condition the beet.) 


wilts less and keeps better. 


After topping, the beets are thrown into piles, covered — 
over with the leaves and allowed to remain until they are 
taken to the factory or the root-cellar. If to the root-cel- 


® 


} 
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lar, the storing should be delayed as long as possible. The — 


danger of heating in the cellar during the fall, is fully as 
great as that of freezing in the field. 
STORING. 
The sugar factory will begin running as soon as the 
earliest beets are ripe. From then until freezing weather 


sets in, it will work on beets drawn directly from the field. — 


But all factories desire to lengthen the working season as 


much as possible, to lessen the’size of the factory required — 


to work up a given quantity of beets, or with a given sized 
factory to increase its working capacity. Some precautions 
have to be taken to preserve the beets from freezing that 


are to be used the latter part of the season. Long, broad 


and shallow pits are dug close to the factory into which the 


beets are thrown, as brought from the fleld, and then 


covered with straw and a layer of dirt more or less thick 
according to the degree of.cold to be withstood. It is cus- 
tomary for the factory to supply these pits close to its 


works, rather than for the farmer to pit the beets in his own 


field, because it is much more convenient to get at the beets — 


during freezing weather when they are close at hand. 


The stock feeder can use the system on his own land 


near his feeding barn, or he may build a regular root-cellar 
like those that are found all over Colorado for storing 


potatoes. The latter way in the course of years is by far 


the more satisfactory. 

: COST. 
_ No statement of cost can be given that will not be sub- 
ject to many changes in different localities. Leaving out 
of account rent or interest on the value of the land and also 
any charge for water tax etc., the items of raising an acre 
of beets will be approximately as follows: 


Plowing and harrowing, manand team 10 hours 
oc 


seeding, man and teams... 2 
Cultivating, man and horse......... 20 
Hoeing, Man: ..\. kk E35) 8 2 
Thinning, man...) eee i 65 ae 
Irrigating, MAN... 105) ca 0. fy te 
Plowing, man and team.......: are: dues 


ae be es! 


_ Hauling will always be an item of cost, but varies from © 
eight hours for man and team, to thirty hours according to 
distance to be hauled and facilities for hauling. | 
The time and expense for planting and cultivating the 
crop, will be about the same whether the yield is large or 
small. The expense of harvesting has been figured on the 
basis of twelve tons to the acre and will rise or fall accord- 
ing as the crop is greater or less. . 

Under the varying prices of labor, the ease with which 
the land can be worked, and the size of the crop, the cost of 
raising and marketing an acre of sugar beets has varied at 
different places in the United States from $30 to $45, and 
the cost per ton of beets from $2 to $4. 

Beets are usually paid for according to their richness, 
the prices varying from $4 to $5 per ton and the returns per 
acre will average not far from $50. About eleven tons of 
sugar beets per acre at $4.50 per ton is a fair average crop, © 
with a_ possibility of more than ‘twenty tons at $5 
per ton. As compared with $10 forthe crop from the same 
land put into alfalfa, or $12 for the wheat it would raise, 
this return seems rather large, but of course there is a much 
larger amount of labor required to produce this return. 


FEEDING VALUE. 


Sugar beets havea high value for stock feed. They 
belong to the class of concentrated feeds in spite of the 
large amount of water they contain and are to be compared 
asa feed with grain rather than hay. 

It is probable that the dry matter of beets has about the 
same value, pound for pound as the dry digestible matter in 
grain. On that basis, a pound of grain would have as much 
feeding value as four and one-half or five pounds of beets. 

Sugar beets have been fed to stock at the College with 
very good results except where fed to steers. When the 
feeding is done out doors in cold weather, they seem to be 
too watery for profitable feeding to steers. They are ex- 
cellent feed for milch cows and will take the place of grain 
for fattening lambs during the first half of the feeding 
period. It is advisable not to feed them during the last six 
weeks before marketing, giving grain at that time so that 
the flesh and fat may harden for shipment. Stock sheep 
and breeding ewes do well on beets all winter. They can 
even form profitably a portion of the food of breeding sows, 


FEEDING VALUE OF LEAVES AND TOPS. 


For every one hundred pounds of beets harvested there 
will be from fifty to sixty pounds of tops. These tops have 


ahigh feeding value. They are worth almost as much 
pound for pound as the beets themselves. 
The tops are good feed for all classes of farm animals. 
They may be fed at once as soonas harvested or put in asilo 
and fed through the winter. The past two years, on the 
College Farm, there has been stock enough to eat them as 
fast as gathered. They have been fed to breeding sheep 
and to cows, being hauled from the field and fed in racks.. 
Some beet growers wait until the crop is all harvested and 
then turn the stock into the field to eat up the tops and 
leaves. This saves some labor but is wasteful of fodder. 


CHEMICAL, DEPARTMENT. 


WILLIAM P. HEADDEN. 


The following pages contain the analytical results ob- 
tained in the laboratory of this Station up to the present 
time. The greater part of them have already appeared in 
Bulletins Nos. 7, 11, 14, and 21. The data concerning the 
conditionof soiland cultivation, under which the beets were 
grown, are not given in satisfactory fullness in all cases, but 
in others it leaves little to be desired. 

The record of analyses of allsamples analyzed«s inter- 
esting and profitable to the inexperienced beet grower, as 
showing the extent to which the sugar content of the beet 
is dependent upon the cultivation it receives as well as upon 
the character of the soil in which it is grown. 

It is evident, from our records, that a great many per- 
sons have furnished the department samples but once, and 
that was the only attempt that they had made in sugar beet 
raising. A complete record of the work done in the labora- 
tory would contain many:samples of which this would be 
true and which would give a wholly erroneous impression of 
the facts asto the quality of beets grown in the various 
parts of the State under proper cultivation. 

In 1888, the Station experimented with four varieties of 
beets: Excelsior, Lane’s Imperial, Vilmorin, and Imperial 
Improved, with the following results: 


HEP Tons beets per | Pounds sugar per 
Varieties. Fer cent. sugar. nGyal sara 
REGGIO TS NSE Ta oniatuielnecacsceneciee! ne 27945 29,04 5,517.60 
AMIGO SULT OTIAL i, vialee estes clinic ste a nine 12.08 30.45 7,318.00 
RVAEUDTCID AME taets frisiceleieteie'te «tie cies ¢ one-ge 11.39 25.09 5,595.48 
Imperial Improved.............+...+++. 8.88 24.15 4,250.40 


ee 


The number of analyses seem to have been small, but 
the samples were representative of the tour lots grown; and © 
while the percentage of sugar varied considerably the re- 


sults were considered satisfactory, indicating that beets of 


good quality can be grown in Colorado, and that the yield — 


is large. 


The study was continued the following year (1889) ona | 
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somewhat different line, i. e., to determine the effect of dif- ts 


ferent soils upon the ash constituents and percentage of 
sugar in the beets; also to determine the feeding value of 


the tops and the relation of the weight of the tops to the 
sugar content of the beet. The second object of this ex- 
periment was defeated by an early frost which killed the tops. 


A furthér object was to study the distribution of the — 


sugar in transverse sections of the beets and the relation of 
the specific gravity of the juice to the sugar content. 


- In order to establish the first point, the relation of the 
ash and its constituents to the soil in which the beets grew, 
the ashes of two varieties of beets, one lot of each, grown 
upon rich and poor soil respectively, were subjected to 
analysis. Just what is meant by poor soil and rich soil is 
not definitely stated and so far as I can learn, the soils were 
not analyzed. In one paragraph the terms fertilized and 
unfertilized are used as explanatory of rich and poor, but 
the rest of the record seems to justify the inference that the 
term poor, is used in its ordinary signification, and rich to 
indicate a productive condition of the soil, but not a con- 
dition produced by the application of manure or other fer- 
tilizer immediately prior to the growing of this crop. 


The following data show that the Silesian appropriated 
nearly one-fifth more mineral constituents and the Imperial 
over one-half more from the rich than from the poor soil. 
The Silesian, grown on poor soil, contained 1.08 per cent., 
but grown on rich soil, it showed 1.28 per cent. And the 


Imperial, grown under similar conditions, contained 0.801 


per cent., and 1.234 per cent., respectively. 


_ There is a difference both in the amount of ash con- 
tained in the beets and in its composition, according to the 
quality of the soil on which the beets are grown. The per- 
centages of phosphoric acid and lime are higher in the case 


of beets grown on poor soils, but the percentage of potash is 
higher in those grown on rich soils. 


_ the experiment was not conclusive in regard to the 
effect of the two soils upon the percentage of sugar. The 


Silesian grown on poor soil contained 9.66 per cent. sugar; 
_ the same variety grown on rich soil contained 10.47 per cent., 
while the Imperiai, grown on poor soil, contained 10.44 per 


cent., and grown on rich soil, contained only 9.07 per | 


cent. The difference in either case is too small, especially 
as itis based on so small a number of analyses, to be con- 
clusive. z 
The amount of sugar in successive transverse sections 
of these varieties was also made, the sections being taken 
one inch thick, beginning to number at the top. The result 
of this examination was that the first section contained less 
sugar than any other section, except in one instance, and 
always from two to over four per cent. less than the maxi- 
mum in any one s¢ction which was found in the tip of the 
beet. The increased amount of sugar was, with one excep- 
tion, quite marked in the second section of the beet; in the 
succeeding sections it was much less and quite regular. | In 
the case of the Silesian grown on rich soil the difference in 
the quantity of sugar in the first and second sections 
amounted to 1.21 per cent.; in the second and third to 0.7 
per cent.; in the third and fourth 0.29 per cent.; in the fourth 
and fifth 0.29 per cent.; in the fifth and sixth 0.04 per cent.; 
and in the sixth and seventh 0.25 per cent. The loss on 
dressing was between two and three per cent., and was about 
the same whether the beets were grown inrich or poor soil. 
The feeding value of the beets, as influenced by the soil, 
was also studied. The study of the tops was prevented by 
anearly frost, but the analyses of the roots, as given in 
Bulletin No. 11, are as follows: 


Water.| Grade) pat, | Grade | rede) tee 
Ch oi ee 87.17 | 1.08 0.24 0.98 0.83 9.75 
Silesian, rich soil .............2- cee cece eee 86.31 | 1.28 0.27 1.77 0.68 9.69 
T=xperial, poor soil 2.2... 22. hee eee ee ee 87.88 | 0.80 0.14 0.81 0.59 9.78 
Imperial, rich soil..........2.- 2-2 feee eee ee 89.80 | 1.28 0.18 1.44 0.44 6 91 
LAVA Ue NG yO 88.69 | 1.18 | 0.18 1.16 | 0.62 8.22 
*A verage analysis of sugar beets......-.---- 86.50 | . 0.90 0.10 1.80 0.90 9.80 


*As given by Jenkins and Winton, Hxp. Sta. Bul. 11. 


The same is true.of the results recorded in this series 
of analyses as of the sugar determinations, 1. e., they have a 
general value as they show the beets to have been about 
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equal to the average sugar beet, so far as their feeding 
value was concerned, but the results are not positive enough 
nor based ona sufficiently extended series of experiments _ 
to show conclusively that the value of the roots for feeding _ 
purposes was materially affected by the nature of the differ- | 
ent soils. It may be stated in this connection,that itis 
known that the beet is very sensitive to the influence of fer- 
tilizers and the cultivation it receives, particularly in regard 
to the purity of the juice or ratio of the sugar to the total 
solids. ae 

Large beets are frequently received, being sent under | 
the mistaken idea that the larger the beet the higher the 
percentage of sugar, which is not the case. The following 
table, reproduced from Bulletin No. 14; illustrates this, | 
though the weight of the largest beet is much less thanthat | 
of many samples sent us for analysis. Thesamples were | 
selected with reference to their sizeas shown bythe follow- 
ing table: 


. . Loss on | Per cent. 
Size, Weight. | gressing. sugar. 


MSE PO RUIEPDOSDTOZ ese) oc soe btakeelds da detd emine oe Oe Large. 1,245 170 12.83 
ee se ANG PRADA Tar MCSE ArA EAR se cainio ne de lace htuyags: 285 20 14.10 
“ 2A eee er lens Sera inte ieee tl Small. 43 3 15.97 | 
: i 
Kleinwanzleben...... Vek Large. 1,015 135 14.12 a 
sy a Medium. 240 _ 20 14.18 } 
y x Small. 42 2 17.11 i 
Dippe’s Vilmorin....... Large. 860 70 14.37 
; Medium, 280 35 14.84 
Ba ; Small. 42 2 16.66 
Bulteau Desprez, No. 2 Large. 980 110 14.26 
; AS > Sea OE eee Re eret SORTS A Seo te Medium. 375 30 15.68 
e a Ba detete's iar ist gt Bvve teehee ED Small. 89 5 18: 0RRes 
PSIDYONMUR GAN GO}. osis'ccscssoneesece fo teec ee hice eee Large. 1,150 150 12.17 
7% i Medium. 150 10 2.88, 
my ‘i Small. 43 3 13.52 
IOEUB OM atc satsaseh ct.cr keh scieae <u ee eee aaa Large, 1,310 170 12.99 
” Medium. 175 10 15.54 


Small. 30 3 17.05 


_ The size of the beet can be controlled by letting it stand 
cleser in the row and its quality further improved by care- 
ful attention to cultivation and fertilizing. 

Samples of the following varieties were sent to the De- 
partment of Agriculture, at. Washington, for analysis and 
Dr. Wiley reports the results to Prof. Crandall, October 2, 
1890, as follows: 


Per cent sugar. 


Baletowanzleben iy oo Sri eet sakes, ol 10.10 
memo e Gr tande |. i wh ioe aaa see es 
PePOP iON A er nN aaa 15.39 
Bureau Desprez NOs Pian. a hse L520 
Pulteau Desprez. Nobay ooo oak nie 
Bee TG TIM AN Ceram oe a SA ed at) a 12:92 


Samples were also sent to Grand Island, Neb., and their 
chemist reports, under date of Nov. 12, 1890, the following; 


Per cent. sugar, 


PRG ASOMSUCAT i ou eae ct eae Cm 7.40 
mpreved) Imperiale ih) Cea ee aan 8.20 
Re et oP ESP TEZ ce NaeN sates hone oe wh a eee am 14.40 
Pea LV EMT OTING 0 Co hie eae re ee 14.70 
elemiwanzieben 27h seen eas sas 3.50 
MES MONN Cs stay ReicG: Ae ee kin ee ae melee 3.20 
Sradont es randes.s 4 ke Oe k ay e see BESO 


Taking the average of the analyses of the varieties 
made in this laboratory, we have: 


Per cent. sugar. 


Balteau Despréz! Nov2.,. yon ee ee 
Dulcenu Desprez’ Now By Vea ee eae 15.85, 
Pale WA WATIZIE DET 0. e's he gin these shar eens 15.64 
Dippe’s Vilmorin: . ..... Subrage g Bene Me he ts WEA 
PUTO PON Cbs 156 ce eke ca ecg oie nme 16.63 


The preceding samples were grown in a highly cultiva- 
ted soil under the supervision of the Horticultural Depart- 
ment. The total solids do not seem to ‘have been determ- 
ined. Analyses were made of the following samples from 
various parts of the State, and also others which, being un- 
accompanied by any history, are omitted: 


Bultean Desprez............ SAE eA ve 


ae “ 


15,00 


ee espe 
i 
Name. Where and by whom grown, Baal 
Colorado Imperial )....66 cece. soos cee A. R. Black, Lamar, Colo, 8.02 
@alifornia Sugar... os... de ce es se ewe ts us me sf 13.08 
‘ Colored Vilmorin Desprez..............+- eo - 11.26 
Imported Florimond...........5-6-+02 e055 aS ty Y 8.45 
Kleinwanzleben...) ieee kee ce ees cece a “ “ 11.04 
RVRDRAGRPITER ES rie aka din. alert vines ok Reaiersigiarers’s Stimson, Neb. 10.38 
Simon LeGrande’s White Imperial.......]San Luis Valley Stat’n, Monte Vista, Colo. 15.59 
Beltean Wespregics sy: ciel, «+ -0iccs- snes orion = “t “ i , 1.82 
BVIRNOENGTIT Visti Vatece hres caisin dics es eksw alo ald stejqusreh Ke ee os 4.44. 
Vilmorin Desprez.............. NS m ‘ 12/25 
Kloinwanzleben ....!.i. sp cece eeete eh veces ‘ ‘ us 13.35 
Red Top. ......scec cece eevee seeeeeseeess [Arkangas Valley Stat’n, Rocky Ford, Colo 11.84 
Miro MOG TANGO... 6 dies Miigeiaees sede laue alee ote ue my ue 13.28 
DBE SINFLMOPIN «oboe ue euinceiy eb eas . ss a 14.09 
PIOrIMONA Desprez sie. so! 's.s.e css so Me wel: ae Ne a 14.72 
HIICEAU DI OSPLOZ civ chad eics ois crete eieleratines sis s Ye 6 12,89 
TSIST WATIZIEDON ).)/e'cis\sls «'s'e)ajsln'd oie pislelele vessels | + Ms ss 13.66 
Improved Imperial...............0. ce00 es College Garden, Fort Collins, Colo, 8.70 
PETES EMOTE Lincs ste icialatas cis) id b cilerche scans ales wbiniore At albats ii, ue A 9.75 
HEXCOIBION s-')<iris)c 2:0 eleies e's Naeemetare iatata cba es cs ee 6.95 
Kleinwanzleben....... 2.0.0.0 sess sese ss ‘ ip h 12.57) 3 
SUITEAT DESPTOZ \. <'0:.'cleviasise odio sciee sais sae | y 30 ue 13.37 
Florimond Desprez................ 4 a uf 12.90 
IPO VEMMOLM bs. oN occ teeeteis tice de as te es ty 14.20 
nltean Desprez... ccbs cL ce 8 cess te oceans “ as ss 14.18 
PMO DS GOGTANAG se) o2(0¢ 0555 jsc'e es ces eet» M a e 11.38 
Kleinwanzleben......... “t a “s 11.11 
SIGART PDORDLOZ 1. en isa ssc acide bee lc eck ‘ “ ws 10.97 . 
HEORIMONG seg Gude tote «les Me sneer yak ‘ Ch B 9,82 
PPDS'S VAMNOTION 35. bso se she eee cheno tb “ ss 12,74 
BulteauMesmrezidy ess co cose ls et MS “ xt 11.12 
Rrmon UeGrande,\. ro icc scnadoeci es hive ‘ a YY 9.26 
Hirao AlircEr yn tie sic ci seg ee be yh Chas.Green, Del Norte, Colo. 14.08 
VUTSREV ELF Ra RR CEN aT A.§S. Halsted, Del Norte, Colo. 14.76 
MSANG A MAM POLIGL erie cw nish cios)p d catveonieetocte ac CHABY Schielman, La Junta, Colo. 11.30 
Lane’s Imperial............ 15.68 
PUD OPUAL 0) 6 0S oy ens beg e Bee nasil es [adeaanrawncs aude c glee 15.00 
MELMOMIN eimusts isicc sgn ak ect Denver, Colo. 18.00 


Dippe’s Vilmorin..... 0... eee ie eee 


Name, Where and by whom grown. P Sacer : 

Vilmtoring Ho. sos... Jenver, Colo. 16.00 
VAT Tec TCT Re ale a OP ee a i a 16.00 
BUNA NOP Bese cs eto e st tsa ls des aaaunbs rh OF 16.00 
IVEIGERR IS NOGSecGcdrewie sic cick piesiacastecie ce i sf 15.00 
Improved UMEOM bar Cork aise ibe eatice College Farm, fort: Collins, Colo. &.80 
BIONCMAVATIOUY 7 eosin. da Uv el Daley sees oa ts id 10.20 
WilImOrins NOE ee. c cscs Lek valechebucecstace's Arkansas Valley Station, Koeky Ford. 6.00 
Wilnorrny NO. 22s lin lee ene been . SS My 9.20 
Wilmore NO Sih. ike ee ckes see eee de cee (4 3 s v3 10.75 
DVIIOTER INGA ioc is releicie slesnes a cn Cacuben a ib : 8.50 
Lane’s Improved Imperial................ College: Farm, Fort Collins, Colo. 8.95 
Vilmorin Improved...............:.-..44. Ms Mt a 9.68 
Dippe’s Vilmorin.........................| Arkansas Valley Station, Rocky Ford. 15,17 
EDippe SiVilMOrin® ose). ewe below ea'es “ x ¢ 15 35 
Drppe's Vilmorin . 00. be oes ee i 5 7 Masi 
Drppe’s Vilmoring .. 12). keke eee ba s es | 11.48 
Vilmorin Improved.......¢... 0 ........5. College Farm, Fort Collins, Colo. 8.00 
Vilmorin Improved. ?:........... 0... 04.04. ay Re ne 11,15 
Vilmorin Improved. ........0.... 06... e eee $ bs a 13.60 
ames PMperiary eile ee ce ee sale | ‘ ‘ 8.95 
Improved Imperial ;............ 0... 0050 8. 5 ‘ 8.83 
*Name not giyen................- eee OOH es e ng 10.21 
WANE MOU SIV OM si.sic css caiccieieee > ees pansies Divide Experiment Sta. Monument, Colo. 935° 
Kleinwanzleben............ 0... 0eee eee eee ne ME ay 7.95 
Th@ Contras (ina (2) 02) a eee 3 ‘ ss 9.67 
Dippe’s Vilmorin........................ | Arkansas Valley Station, Rocky Ford. W17 
Dippe’s Vilm+rin...........6...0 cece eee : * yy 15.35 
DIP PEISMVILIMOTIN os. 4s os be oee tee setae > se 3 “ 15.35 

A aE cf 11.48 


*This set of farm soups is accompanied by a note to the effect that they did not have water 


enough, but thereis no furt 


er explanation. 


The Department of Horticulture sent to the laboratory 
four samples, grown at different distances in the rows, to test 


the effect upon the percentage of sugar in the beets. 


results are as-follows: 


The 


és ; Inches apart | Per cent. — 
Variety. in row.- sugar. — 
Vilmorin Improved. ...... 620. js0cee seer ey sete eee e eb tee eek ox eee amen 3 : 13:60) <2 ee 
Vilmorin Improved. :.....0. 0.0. ee cece cece eee seen esses es acts teen cetue 8 13.50 - 
Vilmorin Improved. .........0scs scene reece t teen teen cnn nee cate sees Cieast 9:00 = 
Vilmorin Improved. ........-.s0 cece ee tee tenn eee nee eee een eee e nae 6 1100 


The eles is clearly in favor of a thick stand. Neither’ 
the distance between the rows nor the weights of the beets 
are given. 

Seed beets, to the number of 110 of the Vilmorin varie- 
ties, were analyzed ; the results may be summarized as fol-- 
lows : The percentage of sugar ranged from 7 to 17, and it 
is‘noted that the beets were in bad conditien. Seven of the 
110 beets contained less than 10 per cent. of sugar and six: 
teen of them contained upwards of 14 per cent. 

The following samples are accompanied by a statement 
of the number of irrigations with which they were grown. 
The rainfall at Fort Collins, from May to October, inclu-— 
sive, was 8.8 inches; at Rocky Ford, 8.26 inches, and at the 
San Luis ae station, 4.58 inches. . 


Name. Where grown. ase ee fs E ho 
Vilmorin, No. 1....,................] Arkansas Valley Station, af 6.00 
Vilmorin, No. 2....065-0000.02 000s an) cena 1 9:00!" Rica 
VOTER NOs 1S aes > rr seep ankehae Sade s a: a 10/75: Ay eee eee 
MilmoriniNo 4) its uh dS 4° Mt a My BBO ise tee es 
PSU aps aH OS ee NGL Sse 5 wis ok cs w dls College Farm. 14.75 81 
IRATE Aas Sa ee es 7 15.25 82 
Vilmorin Improved................. ay a 13.69 
Vilmorin Improved........... 02.05. oe F py Da ahs ever ies: 8c 
HSPOIMWANZIEDON,< dsicicutel sco. sa Divide Station. “S LSS 00 ir es pert eeee 
Kleinwanzleben:...0: 00... 6c60..6. 05 Ae 13.70 
Vilmorin Improved................. San Luis Valley. Me ¥3.50'\) 5]: een 
UEMORINNS a vcedi lp ete © Arkansas Valley Station. 5 2100 7h s eeecercteaenees 
OMe AO PUVELIN vost an sci. isc vs Wy ss 14.00). Sea ee 
Dippoe's: Vilmoriny..032...0..4.5. 5, “ ss ss 1 16,17) ee ee 
Dippe’s ‘Vilmorin. ..).3) 0... 05555, S ve ‘ 2 15.85) 2 "4 knee 
Dippess Valmorin. isc... coe. 8 ; ue 3 | 15.3% 
Dippe’s Vilmorin........0.. ...... sf x a 4 11.48 


er aeoN line 


Name, phot atone? <4 mine | Won cant | Opaminla 
Vilmorin Improved..........:..... | San Luis Valley Station. 3 13.50 
Vilmorin No. 4.....0...... College Farm. B} 14.00. 
Watmorin NOD ..8y acd Jby<0..0-s ass gs “3 14,00 
RVIRODTTIN Pde cies A vol a 16.50 
Kleinwanzleben.... 4.0 .....cgsk ue. Bellvue, Colo. seepage 8.00 
Vilmorin Improved.........0....... . seepage 9.00 
Terman ZlEbeMs 14.2 ac eee ole aan ein Arkansas Valley Station. 5 12.30 92.8 
-Vilmorin Brabant. .........0..0. 0... he fs us 5 8.80 80.0. 
Waners imperial? oo. esi. ol. ve Vaasa z aS S 5 8.00 80.0 
Dippe's’ Improved... 0)... eis : ve 5 8.00 72.0 
Dippe’s Improved rich sugar....... Me we Y 5 7.70 55.0 
RUAN NIM OMIM Nc Mots alk aa, viecceet aioli: “t rt “ 5 12.70 90.0 
EPMA LGB ag eR Ui tviie <laniee canis ; x iP 5 13,43 67.0 
Kleinwanzleben «3.20.00 y. 00... cs. z x ’ 5 8.80 63.0 
Kileinwanzlebens”.... 6.000... 5 052.45 i is ue 1 10.00 55.5 
Dippe’s Improved rich sugar......, ne ‘ we 1 10.00 yh lees 
Vilmorin Brabant Imperial......... oie aS 1p 1 10.10 71.4 
SVURTODU Dee eres Scie a ele a tee bu 0 ss a 1 11.50 71.8 
Vilmorin No.7 bes PY : 1 10.50 55.2 
Meame Ss lamperiales. 66. keer i ces SS vs mo 1 10.70 56.3 
Dippe’s Improved White Imperial. 8 * us 1 5.70 38.0 
SEahi@ FACE Sh ae ae College Farm. 2 12.70 84.6 
1a eio ls a)iu shave Ee ae ee oe 2 15.00 88.2 
[SSUUIGVEPSSI 2 NSN CaS I or 2 13.30 88.6 
ane’s Improved: 3.3.. ...05. 82 4s. i 2 11.70 83.5 
Neise Improved... ... 2 16.50 91.6 
Wabmoriny) White joe cis... ve As. ef 2 15,30 90.0 
Vilmorin<Tmproved:. i...) ....he00.! fe 2 13.50 84.3 
Dippe’s Kleinwanzleben............ Fort Collins 2 11.10 70.0 
WWANTIVORILE Yirpia ete cts Snie ws aie vie vale see ’ 2 10.80 70.0 
Butea Desprez’. v.22. ceioecess ce ss 2 11.70 73.1 
Vilmorin rich sugar................| oy 2 ab hee 7s 65.7 
Kleinwanzleben...........-.2..26 6 La Junta. 8 10.80 72.0 
ilnonin MIMI TOVEd a dacs sass ones La Porte. seepage 11.00 fas 
Kleinwanzleben.... eves ee ecg aulcky seepage} 12.50 83.8 
Wilimority.:.. ae acti Be area ‘Timnath. 2 10.50 87.5 
et eaublebdn:. ie Re etal goss Brighton. 2 15.54 Ot. 4 
RMUVOUNIA Mahan tcrics Vie a ea. insres we Loveland. 4 11.00 {B03 
i 4 12.75 79.7 


Woleinwanzleben.s sss. .ba ess vee 


ee 


Name Where grown, |, image, | Pet cont | Coeiieteny 

Vilmorin Imperial........-. 005.056 San Luis Valley. ‘i 13.55 | 85.8 
Vilmorin Imperial... .........-.-55- the a nt 4 14.08 8713 
SHE TYNCHURIN, ie oh sthiclstas sharata’aie 5.0 «st eps rep enya College Farm. 58 15.40 79.0 © 
PVRIMMOTAT Ale flsle ani c's'slouec e's Qxae) ee se s'e S fe 14.78 79.7 
NVAPRMOTUE GAR Vicon dase detnsi vide vole ae ee e's a de 16.63 80.0 
BLOB Ie eee whee Seek tu, a enbte n a 14,42 83.9 
EERO EPRI 5 810i 2s 5, eincen eigenen \t a 15.16 81.4 
Vilmorin Imperiale. !s. 0.3.0. bee. ee ef a 16.13 8455 
APR BOMB RATED OLIG LGA din tapes cla eelen anes ‘ 3 16.50 86.9 
rlmiorin Whiten.) a soe celles See " a 18.59 89.0 
INGIRPPEICDOrIAl sos bole col Vee Mee eared a a 19.37. 90.6 
Vilmorin Imperial...) 6.65.4.0- if 73 16.52 86.1 
WVBUEIOT Ration wictv biecio!j-.by6, we le'sieters's Ke fa 18.90 84.3 


The last thirteen analyses were made at the Department of Agriculture, Washington, D.C. 


The record is not complete enough to justify more than 
the general statement that an excess of water is as detri- 
mental to the yield of sugar asa lack of water. The record, 
so far as it goes, shows that those beets which received two 
and three irrigations contain the highest average percent- 
age of sugar, while those which received one and five, stand 
quite close to each other, and are much lower than those 
which received two and threeirrigations. There are some 
pronounced exceptions to this, particularly in some instances 
in which the plants received five irrigations. Out of eight 
samples, furnished by the Arkansas Valley Station, each 
plat having received five irrigations, five of them showed 
less than 9 per cent. of sugar, and none of them reached 14 
per cent. of sugar; whereas, the samples from this Station, 
grown with fewer irrigations,show from 12 to 21 per cent. 
With one irrigation only, the percentage of sugar varies 
between 6 and 11 per cent., with one exception, which 
reaches 15.17 per cent. 

; € average percentage of sugar in beets grown on the 
College Farm, and analyzed in this laboratory, is 12.8 per 
cent.; but in 1893, we had heavy rains during the latter part 
of September and in October, immediately prior to harvest- 
ing the beets. The average percentage of sugar, as deter- 
mined in seventeen samples, was 10.24 per cent., with a co- 


efficient of purity ranging from 44.36 to 76.30, In one only 
did the coefficient of purity reach OT ir37 


br eT he ag 


Ey ye, at 
AG) 


_ The alkalized portions of our land are wet and the 
beets grown.on the College Farm in such soils have con- 
tained but little sugar. The Vilmorin made the best show- 
ing with 10.60 per cent. sugar. Whether this is due to the 
alkali or the water, matters not so far as the value of the 
beets is concerned. 

The only attempt to raise sugar beets in the more ele- 
vated portions of the State, which has come to my knowl- 
edge, was made in the counties of Garfield, Eagle, and Pit- 
kin, during the past season. The individual beets were 
mostly large, and no history of the soil in which they grew, 
or the cultivation which they received, was furnished with 
the samples. But it was the first experience which any of the 
growers had had in this line and they had apparently chosen 
the richest soil in which to make their experiment. Still 53 
per cent. of the samples contained from 10 to 15 per cent. of 
sugar. The results of the experiment show that these 
counties can produce beets suitable for the manufacture of 
sugar, perhaps not to the same extent or at so fair a profit | 
as our lower-lying districts, but still with great advantage 
to themselves. 
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THE BIRDS OF COLORADO. 


BY W. W. COOKE. 


The following paper is designed to set forth our present 
knowledge of the distribution and migration of Colorado birds. 
There is also included a bibliography of the subject and an 
historical review of the progress of ornithological investigation 
in this State. 

The total number of species and varieties of birds known 
to occur in Colorado is 360, of which 228 are known to breed. 
This is a larger number of species than has been taken in any 
state east of the Mississippi and is exceeded by only one state 
of the Union, that is by Nebraska with nearly four hundred 
species. 

The reason for this great variety of bird life is found in 
the geographical position of the State and the physical charac- 
teristics of its surface. 

From the Atlantic Ocean to western Iowa but slight 
changes occur in the avi-fauna. But with the decreased rain- 
fall and the increase in altitude from there westward, a great 
number of new forms appear. The greatest change is at the 
eastern foothills of the Rocky Mountains, which is the natural 
dividing line between the eastern and middle provinces of the 
United States. But while many of the western forms extend 
as stragglers eastward into Kansas and Nebraska and especially 
into the Black Hills of South Dakota and northwestern Ne- 
braska, a large number of eastern forms do not pass west of the 
semi-arid region of twenty inches of annual rainfall and are 
not found in Colorado. It is due to this fact that Nebraska ex- 
-ceeds Colorado in the number of species taken in the State. 
All of the eastern species reach Nebraska and nearly all the 
western forms extend into northwestern Nebraska. ‘This is 
strikingly shown in the case of the Warblers. Nebraska has 
more than twenty Warblers that do not occur in Colorado, while 
Colorado has less than five that are not found in Nebraska. 

The avi-fauna of Colorado is reinforced by species that 
belong more properly to the regions on all sides of it. The 
basis may be considered as the species that range over the 
whole of the United States and those that are most abundant 
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in the middle west. As additions to these, there come to the 
State from the east such distinctively eastern species as the 
Bobolink, Phoebe, Blue Bird, and Baltimore Oriole; from the 
west the Dwarf Hermit Thrush, Grace’s Warbler, Golden- 
crowned Sparrow, and the Black Swift; from the north 
Holbcell’s Grebe, Arctic Tern, Harlequin Duck, and Barrow’s 
Golden-eye; while something over twenty truly southern species 
have been taken as stragglers in southern Colorado. 


Of accidental visitants we have our share. Three varieties 
of Surf Ducks have wandered to Colorado; a specimen of the 
English Saxicola enanthe was taken near Boulder, a Bendire’s 
Thrasher at Colorado Springs, an Olivaceous Flycatcher at Fort 
Lyon, a White-winged Dove in Jefferson County, a White Ibis 
at Denver, a Roseate Spoonbill at Silverton, and most wonder- 
ful of all, a Scarlet Ibis near Pueblo. 


The broken character of the surface of Colorado offers in- 
ducements for birds of all kinds. The eastern third of the 
State is a vast plain, rising from an altitude of 3,500 feet at its 
eastern edge to nearly 6,000 feet where it joins the foothills of 
the Rockies. ‘This whole region is treeless, except a narrow 
fringe along the streams. Innumerable throngs of birds sweep 
across it during migration, especially water fowl and waders, 
but its attractions are too few to induce many to remain through 
the summer. 


The center of the State is occupied by the Continental 
Divide. Range on range attaining a height of over 14,000 feet 
offers favorable conditions for even boreal species. The great 
mountain parks lie in this section, and at an altitude of 8,000 
feet mark the limit of height reached by the great bulk of the 
species. 

The western third of Colorado presents a wilderness of 
rolling hills from 5,000 to 8,000 feet.in altitude, covered with a 
few trees and a very scanty vegetation. Bird life is present in 
small numbers but great variety and partakes largely of west- 
ern characteristics. 

The temperature of Colorado is much below that of cor- 
responding latitudes in the Mississippi Valley. On the plains 
the average for the year is not far from 52° F., with extremes’ 
more marked and changes more sudden than in moister cli- 
mates. At 7,000 feet among the mountains the average tem- 


eae is five degrees lower, and at 9,000 feet only a little 
colder. 


Timber line is about 11,500 feet in Colorado and with an 
average temperature of two degrees below freezing is yet the 
home of some birds for the entire year, while during the short 
summer many species find here congenial nesting sites. 
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The rainfall on the plains is about fourteen inches per 
year, increasing to twenty inches at 8,000 feet in northern Colo- 
rado, but in the southern scarcely reaching that amount until 
nearly to timber line. This scarcity of rain has a direct influ- 
ence on the vegetation and through that on the distribution of 
the birds. With the exception of a few species of sparrows, 
almost all the bird life of the State is confined to the vicinity 
of water or high enough on the mountains to reach timber. 


The records given in this bulletin are based first of all on 
the printed matter that has appeared dealing with the birds of 
Colorado. This mass of material has been supplemented by 
much manuscript matter, and by the personal observations of 
the author during a four years’ residence in the State. 


There is no State in the Union that offers a more difficult 
field for thorough work, and a recapitulation of our present 
knowledge only serves to bring out more clearly the many 
points on which further information is needed. 


The only claim for completeness made by the present list 
is that it is complete so far as work done up to this time is con- 
cerned. Experience in this State as well as in others teaches 
that additions will be made for many years to come. ‘These 
will not be confined to any one part of the State nor to any par- 
ticular class of birds. In addition to accidental visitants, it 
may be confidently expected that several more eastern species 
will be found to follow up the Arkansas and the Platte Rivers, 
and a still greater number of western species up the valley 
of the Grand into western Colorado. 


Though much ornithological work has been done in Colo- 
rado, many parts of the State have never yet been visited by 
an ornithologist. The region along the eastern base of the 
foothills at the juncture of mountain and plain has been quite 
thoroughly studied. Fully four-fifths of all the records of Colo- 
rado pertain to this narrow strip, thirty miles wide and one 
hundred and fifty miles in length. As this constitutes less than 
one-twentieth of the area of the State, it can be seen how little 
attention has been paid to much of Colorado. In this strip, 
Beckham, Nash and Lowe have worked at Pueblo; Aiken at 
Pueblo, Cafion City and Colorado Springs; Allen at Colorado 
Springs; Henshaw, Anthony and H. G. Smith at Denver; 
Trippe at Idaho Springs; Gale at Gold Hill; W. G. Smith and 
Osburn at Loveland; Breninger at Fort Collins, and Dille at 
Greeley. In most cases this work has been continuous through 
the year, and has resulted in a pretty thorough knowledge of 
the main features of the ornithology of this region. About a 
dozen other ornithologists have given us results of short visits 
to various places in this belt. 
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Eastward lie the great plains, stretching 150 miles from 
Pueblo to the Kansas line and crossing the whole breadth of 
Colorado. Here is an extent of country four times as large as 
the State of Massachusetts, and in this whole region but two 
ornithologists have ever worked. Capt. P. M. Thorne was at 
Fort Lyon, on the Arkansas, and Mr. H. G. Hoskins at Bur- 
lington and vicinity, in Kit Carson County. There are four- 
teen counties in eastern Colorado that have not a single printed 
bird record to their credit. 

The great parks of Colorado have received but little more 
attention. Coues crossed North Park; Stevenson, Middle Park, 
and Allen, South Park, and took hurried glimpses at the bird 
life. San Luis Park has fared somewhat better, thanks to the 
labors of Henshaw and Aiken. Stone spent several months 
between South Park and San Luis Park, in the vicinity of 
Hancock. In southwestern Colorado, Drew in San Juan County, 
and Morrison in La Plata County, have given us valuable notes 
on the birds of the higher portions of the region. The whole 
of northwestern Colorado remains unexplored. What a field 
for the ornithologist! As large as the whole of New England 
outside of Maine, and containing the whole valley of the Grand 
River and its tributaries, it will reward the zealous seeker with 
many Pacific forms not now known to Colorado. No other 
part of the State will probably show so large a return as the 
region around Grand Junction. Other specially favorable lo- 
calities for new developments are the lower waters of the tribu- 
taries of the San Juan River in southwestern Colorado, the 
region around Trinidad in south central Colorado, the Arkan- 
sas River near the Kansas line, and especially the Cimarron 
River of southeastern Colorado and the Platte River near Jules- 
burg in northeastern Colorado. 


_ For increased knowledge of distribution with regard to 
altitude, and for range during the breeding season, so little is 
known compared with what remains to be discovered that any 
part of the mountain region of Colorado offers an inviting field 
to the ornithologist. 

In addition to the mass of published data accessible to all, 
the present writer has received valuable assistance from many 
manuscript notes, and he wishes here to express his thanks to 
the correspondents who have put so much time, labor and care 
into their preparation. Much information on special points has 
been obtained in answer to direct inquiries and also the follow- 
ing lists have been received: 


A. W. Anthony. List of 226 species known by him to 
have been taken in Colorado. 


W. H. Bergtold. Notes on 20 species seen by him in 
Routt County and near Denver. i 2 
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G. F. Breninger. List of 257 species known by him to 
have been taken in Larimer County. 

R. A. Campbell. List of 40 species noted near Boulder. 

EK. B. Darnell. Notes on 68 species found in Routt 
County. 

H. G. Hoskins. Notes on 58 species seen near Burlington, 
and dates of migration for four years. 

Mortimer Jesurn, M. D. List, with annotations, of 161 
species taken on the Platte River 150 miles north of Cheyenne. 

W. P. Lowe. List of 188 species found at Pueblo and in 
the Wet Mountains, distinguishing the breeders. 

Chas. F. Morrison. List of 332 species known to occur 
in Colorado, of which 152 are marked as breeding in the State. 

“Wm. Osburn. Annotated list of 254 species identified by 
himself and Wm. G. Smith in the vicinity of Loveland. 

Capt. P. M. Thorne. Annotated list of 160 species shot 
by him during five years residence at Fort Lyon. Especially 
valuable, because nearly all the specimens have been identified 
by Mr. Brewster and are now in the Field Museum in Chicago. 

One of the hardest things to determine in making out a 
state list, is what shall constitute a valid record and entitle the 
bird to a place in the list. The present writer has endeavored 
to take a middle course between including everything that 
seemed to have a fair claim for admission and excluding every- 
thing to whose record attached any suspicion. With all species 
at all doubtful the full record has been given, so that future 
students may judge for themselves whether the species is en- 
titled to entry. This course has been taken owing to the small 
amount of work that has as yet been done on Colorado ornith- 
ology. Some readers will undoubtedly believe that the records 
of some of the species here given need confirmation and should 
have been omitted. On the other hand the author can say that 
he has in his possession the records of forty-two species that 
have been ascribed to Colorado. Many of these, in fact the 
larger part of them, he believes to occur in the State, yet 
they have been excluded from this list, pending further infor- 


mation. 
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CLASSIFICATION OF COLORADO BIRDS. 


1. Residents; species found in the State at all times of 
the year regardless of the season. 


Merganser americanus. 

Lophodytes cucullatus. 

Anas boschas. 

Dafila acuta. 

Clangula islandica. 

Histrionicus histrionicus. 

Colinus virginianus. 

Callipepla californica. 

Callipepla gambeli. 

Dendragapus obscurus. 

Bonasa umbellus umbelloides. 

Lagopus leucurus. 

Pedioceetes phasianellus cam- 
pestris. 

Centrocercus urophasianus. 

Meleagris gallopavo. 

Meleagris gallopavo mexicana. 

Circus hudsonius. 

Accipiter velox. 

Accipiter cooperi. 

Accipiter atricapillus. 

Buteo borealis kriderii. 

Buteo borealis calurus. 

Buteo swainsoni. 

Archibuteo ferrugineus. 

Aquila chrysaétos. 

Haliceetus leucocephalus. 

Falco mexicanus. 

Falco peregrinus anatum. 

Falco sparverius. 

Strix pratincola. 

Asio wilsonianus. 

Asio accipitrinus. 

Syrnium occidentale. ; 

Nyctala acadica. 


Megascops asio. 

Megascops asio maxwelliz. 

Megascops asio aikeni. 

Megascops flammeola. 

Bubo virginianus subarcticus. 

Speotyto cunicularia hypogea. 

Glaucidium gnoma. 

Conurus carolinensis (formerly) 

Geococcyx californianus. 

Ceryle alcyon. 

Dryobates villosus hyloscopus. 

Dryobates pubescens homorus. 

Dryobates scalaris bairdi.’ 

Picoides americanus dorsalis. 

Ceophlceus pileatus. 

Melanerpes torquatus. 

Colaptes cafer. 

Otocoris alpestris arenicola. 

Pica pica hudsonica. 

Cyanocitta stelleri macrolopha. 

Aphelocoma woodhousei. 

Perisoreus canadensis capitalis. 

Corvus corax sinuatus. 

Corvus cryptoleucus. 

Corvus americanus. 

Nucifraga columbiana. 

Cyanocephalus cyanocephalus. 

Pinicola enucleator. 

Carpodacus cassini. 

Carpodacus mexicanus front- 
alis. 

Loxia curvirostra stricklandi. 

Leucosticte australis. 

Spinus tristis. 

Spinus pinus. 
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Passer domesticus. 

Calcarius ornatus. 

Rhynchophanes mecownii. 

Junco caniceps. 

Pipilo fuscus mesoleucus. 

Ampelis cedrorum. 

Cinclus mexicanus. 

Catherpes mexicanus consper- 
sus. 

Troglodytes hiemalis. 

Certhia familiaris montana. 


2. Winter visitants; 


Sitta carolinensis. 

Sitta calolinensis aculeata. 

Sitta canadensis. 

Sitta pygmeea. 

Parus inornatus griseus. 

Parus atricapillus septentrion- 
alis. 

Parus gambeli. 

Psaltriparus plumbeus. 

Myadestes townsendii. 


species that have been taken com- 


monly in the State during the winter, but are not 
included in the foregoing list. 


Urinator imber. 

Merganser serrator. 

Aythya americana. 

Aythya vallisneria. 

Aythya affinis. 

Charitonetta albeola. 

Chen hyperborea. 

Archibuteo lagopus sancti-jo- 
hannis. 

Otocoris alpestris leucoleema. 

Coccothraustes vespertinus 
montanus. 

Acanthis linaria. 

Plectrophenax nivalis. 


Leucosticte tephrocotis. 

Leucosticte tephrocotis littor- 
alis. 

Calcarius lapponicus. 

Zonotrichia leucophrys inter- 
media. 

Spizella monticola ochracea. 

Junco aikeni. 

Junco hyemalis connectens. 

Junco mearnsi. 

Junco annectens. 

Pipilo maculatus arcticus. 

Ampelis garrulus. 

Lanius borealis. 


3. Species that breed in the State and regularly winter 
further south, but a few occur irregularly in south- 
ern Colorado in winter and in mild winters may oc- 
cur throughout the State. 


Podilymbus podiceps. 
Larus delawarensis. 

Anas carolinensis. 

Branta canadensis. 

Grus mexicana. 

Gallinago delicata. 

Falco columbarius. 
Agelaius phceniceus. 
Sturnella magna neglecta. 


Scolecophagus cyanocephalus. 

Zonotrichia leucophrys. 

Melospiza fasciata montana. 

Cistothorus palustris paludi- 
cola. 

Merula migratoria. 

Merula migratoria propinqua. 

Sialia mexicana bairdi. 

Sialia arctica. 
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4. Species that have been taken in Colorado in winter, 
either as rare or accidental visitors. 


Stercorarius parasiticus. 

Rissa tridactyla. 

Larus argentatus 
anus. 

Larus atricilla. 

Xema sabinii. 

Aythya marila nearctica. 

Harelda hyemalis. 

Oidemia americana. 

Oidemia deglandi. 

Oidemia perspicillata. 

Branta canadensis hutchinsii. 


smithsoni- 


Accipiter atricapillus striatu- 
lus.’ 
Buteo borealis harlani. 
Nyctea nyctea. 
Colaptes auratus. 
Scolecophagus carolinus. 
Loxia leucoptera. 
Leucosticte atrata. 
Zonotrichia coronata. 
Junco hyemalis. 
Melospiza fasciata. 
Cardinalis cardinalis. 


5. Summer residents; species that have been known to 


breed in the state. 


A. Species that breed on the plains and in the mount- 
ains or mountain parks. 


Colymbus nigricollis californi- 
cus. 

Larus delawarensis. 

Hydrochelidon nigra surina- 
mensis. 

Anas boschas. 

Anas strepera. 

Anas americana. 

Anas carolinensis. 

Anas discors. 

Anas cyanoptera. 

Spatula clypeata. 

Aix sponsa. 

Krismatura jamaicensis. 

Botaurus lentiginosus. 

Ardea herodias. 

Grus mexicana. 

Porzana carolina. 

Fulica americana. 

Recurvirostra americana. 

Himantopus mexicanus. 

Totanus solitarius. 

Symphemia semipalmata inor- 
nata. 

Actitis macularia. 

AX gialitis vocifera. 


AXgialitis montana. 

Centrocercus urophasianus. 

Meleagris gallopavo mexicana. 

Zenaidura macroura. 

Cathartes aura. 

Circus hudsonius. 

Accipiter velox. 

Accipiter cooperi. 

Buteo borealis calurus. 

Buteo swainsoni. 

Archibuteo ferrugineus. 

Falco mexicanus. 

Falco peregrinus anatum. 

Falco columbarius. 

Falco richardsonii. 

Falco sparverius. 

Asio wilsonianus. 

Asio accipitrinus. 

Bubo virginianus subarcticus. 

Speotyto cunicularia hypogzea. 

Coccyzus americanus occiden- 
talis. 

Ceryle alcyon. 

Dryobates villosus hyloscopus. 

Dryobates pubescens h _ orus. 

Ceophlceeus pileatus. 
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Melanerpes erythrocephalus. 

Colaptes cafer. 

Phalzenoptilus nuttalli. 

Chordeiles virginianus henryi. 

Tyrannus tyrannus. 

Tyrannus verticalis. 

Tyrannus vociferans. 

Myiarchus cinerascens. 

Sayornis saya. 

Empidonax difficilis. 

Empidonax traillii. 

Otocoris alpestris arenicola. 

Pica pica hudsonica. 

Corvus cryptoleucus. 

Corvus americanus. 

Molothrus ater. 

Xanthocephalus xanthocepha- 
lus. 

Agelaius phoeniceus. 

Sturnella magna neglecta. 

Icterus bullocki. 

Scolecophagus cyanocephalus. 

Carpodacus mexicanus front- 
alis. 

Spinus tristis. 

Spinus psaltria. 

Spinus psaltria arizone. _ 

Chondestes grammacus strigat- 
us. 


Pooceetes gramineus confinis. 

Spizella socialis arizone. 

Spizella pallida. 

Spizella breweri. 

Melospiza fasciata montana. 

Pipilo maculatus megalonyx. 

Oreospiza chlorura. 

Pipilo fuscus mesoleucus. 

Zamelodia melanocephala. 

Passerina amoena. 

Progne subis. 

Petrochelidon lunifrons. 

Chelidon erythrogastra. 

Clivicola riparia. 

Stelgidopteryx serripennis. 

Ampelis cedrorum. 

Lanius ludovicianus excubit- 
orides. 

Vireo gilvus. 

Dendroica zestiva. 

Icteria virens longicauda. 

Setophaga ruticilla. 

Oroscoptes montanus. 

Galeoscoptes carolinensis. 

Troglodytes sedon aztecus. 

Cistothorus palustris paludi- 
cola. 

Merula migratoria propinqua. 

Sialia arctica. 


B. Spectes that breed on the plains, but only to the foot- 
hills of the mountains. 


Podilymbus podiceps. 

Sterna forsteri. 

Pelecanus erythrorhynchos. 

Dafila acuta. 

Nycticorax nycticorax nzevius. 

Rallus virginianus. 

Steganopus tricolor. 

Bartramia longicauda. 

Numenius longirostris. 

Colinus virginianus. 

Pedioceetes phasianellus cam- 
pestris. 


Callipepla californica. 
Meleagris gallopavo. 
Buteo borealis kriderii. 
Strix pratincola. 
Megascops asio. 

Conurus carolinensis. (formerly) 
Icterus galbula. 

Quiscalus quiscula zeneus. 
Passer domesticus. 
Calcarius ornatus. 
Rhynchophanes mecownii. 
Spizella socialis. 


I2 BIRDS OF COLORADO. 


Ammodramus savannarum per- 
pallidus. 

Spiza americana. 

Calamospiza melanocorys. 

Vireo olivaceus. 

Dendroica striata. 


Geothly pis trichas occidentalis. 
Mimus polyglottos. 
Harporhynchus rufus. 

Sitta carolinensis. 

Merula migratoria. 

Sialia sialis. 


C. Species that breed in the mountains or mountain 
parks and not on the plains. 


Merganser americanus. 
Lophodytes cucullatus. 
Clangula islandica. 
Histrionicus histrionicus. 
Branta canadensis. 

Gallinago delicata. 
Dendragapus obscurus. 
Bonasa umbellus umbelloides. 
Lagopus leucurus. 

Accipiter atricapillus. 

Pandion halizetus carolinensis. 
Nyctala acadica. 

Megascops flammeola. 
Glaucidium gnoma. 

Picoides americanus dorsalis. 
Aéronautes melanoleucus. 
Contopus borealis. 

Empidonax wrightii. 
Cyanocitta stelleri macrolopha. 
Perisoreus canadensis capitalis. 
Nucifraga columbiana. 
Cyanocephalus cyanocephalus. 
Pinicola enucleator. 
Carpodacus cassini. 

Loxia curvirostra stricklandi. 
Leucosticte australis. 
Zonotrichia leucophrys. 


Junco caniceps. 

Melospiza lincolnii. 

Passerella iliaca schistacea. 

Piranga ludoviciana. 

Helminthophila virginiz. 

Helminthophila celata. 

Helminthophila celata lutes- 
cens. 

Dendroica auduboni. 

Dendroica townsendi. 

Geothlypis macgillivrayi. 

Sylvania pusilla. 

Anthus pensilvanicus. 

Cinclus mexicanus. 

Troglodytes hiemalis. 

Certhia familiaris montana. 

Sitta canadensis. 

Sitta pygmeea. 

Parus gambeli. 

Regulus satrapa. 

Regulus calendula. 

Myadestes townsendii. 

Turdus fuscescens salicicola. 

Turdus ustulatus swainsonii. 

Turdus aonalaschke auduboni. 

Sialia mexicana bairdi. 


D. Species that breed principally in the mountains, and 
but sparingly on the plains. 


Aquila chrysatos. 
Halizetus leucocephalus. 
Megascops asio maxwelliz. 
Megascops asio aikeni. 


Sphyrapicus varius nuchalis. 
Sphyrapicus thyroideus. 
Melanerpes torquatus. 
Selasphorus platycercus. 
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Contopus richardsonii. 
Aphelocoma woodhousei. 
Corvus corax sinuatus. 
Spinus pinus. 
Ammodramus 
alaudinus. 
Tachycineta bicolor. 
Tachycineta thalassina. 


sandwichensis 
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Vireo solitarius plumbeus. 

Salpinctes obsoletus. 

Catherpes mexicanus consper- 
sus. 

Sitta carolinensis aculeata. 

Parus atricapillus septentrion- 
alis. 


E. Species that breed regularly only tn southern Colo- 


rado. 


Callipepla gambeli. 
Columba fasciata. 
Syrnium occidentale. 
Geococcyx californianus. 
Dryobates scalaris bairdi. 
Cypseloides niger borealis. 
Trochilus alexandri. 
Selasphorus rufus. 
Amphispiza bilineata. 
Amphispiza belli nevadensis. 
Pipilo aberti. 


Guiraca czerulea eurhyncha. 

Compsothlypis americana. 

Dendroica zstiva sonorana. 

Dendroica graciz. 

Dendroica nigrescens. 

Thryothorus bewickii leuco- 
gaster. 

Parus inornatus griseus. 

Psaltriparus plumbeus. 

Polioptila czerulea. 


6. Species taken in the State during the summer, but not 


known to breed. 


Ajaja ajaja. 

Plegadis guarauna. 

Ardea candidissima. 
Philohela minor. 

Callipepla squamata. 
Melopelia leucoptera. 
Coccyzus erythrophthalmus. 
Melanerpes carolinus. 


Phalznoptilus nuttalli nitidus. 
Dolichonyx oryzivorus. 
Icterus spurius. 

Junco phzonotus dorsalis. 
Passerina cyanea. - 

Mniotilta varia. 

Seiurus. aurocapillus. 


7. Migrants; species that have been taken in the State 
during the spring or fall, but are not known to breed 


or winter in Colorado. 


AXchmophorus occidentalis. 
Colymbus holbcellii. 
Colymbus auritus. 

Larus occidentalis. 


Larus californicus. 


Larus franklinii. 

Larus philadelphia. 
Sterna paradiszea. 
Phalacrocorax dilophus. 
Anas obscura. 
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Aythya collaris. 
Clangula clangula americana. 
Chen hyperborea nivalis. 
Anser albifrons gambeli. 
Olor columbianus. 

Olor buccinator. 

Guara rubra. 

Grus americana. 

Grus canadensis. 
Gallinula galeata. 
Phalaropus lobatus. 
Macrorhampus scolopaceus. 
Micropalama himantopus. 
Tringa maculata. 

Tringa fuscicollis. 

Tringa bairdii. 

Tringa minutilla. 

Tringa alpina pacifica. 
Ereunetes pusillus. 
Ereunetes occidentalis. 
Calidris arenaria. 

Limosa fedoa. 

Totanus melanoleucus. 
Totanus flavipes. 
Numenius hudsonicus. 


Squatarola squatarola. 
Charadrius dominicus. 
AX gialitis semipalmata. 
Arenaria interpres. 
Myiarchus lawrencei olivas- | 
cens. 
Sayornis pheebe. 
Empidonax minimus. 
Carpodacus purpureus. 
Ammodramus bairdii. 
Zonotrichia querula. 
Zonotrichia albicollis. 
Piranga rubra cooperi. 
Helminthophila peregrina. 
Dendroica czerulescens. 
Dendroica coronata. 
Dendroica maculosa. 
Dendroica rara. 
Seiurus noveboracensis nota- 
bilis. 
Sylvania pusilla pileolata. 
Harporhynchus bendirei. 
Turdus aonalaschke. 
Turdus aonalaschke pallasii. 
Saxicola cenanthe. 


8. Stragglers or doubtful species, including those of which 
but one instance is known. 


AXchmophorus occidentalis. 
Colymbus holbeellii. 
Colymbus auritus. 

Rissa tridactyla. 

Larus occidentalis. 
Larus californicus. 

Larus atricilla. 

Anas obscura. 

Chen hyperborea nivalis. 
Branta bernicla. 

Ajaja ajaja. 

Guara alba. 

Guara rubra. 

Tantalus loculator. 
Ardetta exilis. 


Ardea rufescens. 

Nycticorax violaceus. 

Gallinula galeata. 

Callipepla squamata. 

Melopelia leucoptera. 

Elanoides forficatus. 

Ictinia mississippiensis. 

Accipiter atricapillus striatu- 
lus. 

Buteo lineatus elegans. 

Coccyzus erythrophthalmus. 

Sphyrapicus varius. 

Milvulus forficatus. 

Myiarchus lawrencei 
cens. 


olivas- 
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Sayornis phcebe. 

Icterus spurius. 
Scolecophagus carolinus. 
Carpodacus purpureus. 
Zonotrichia querula. 
Zonotrichia coronata. 
Zonotrichia albicollis. 
Melospiza fasciata. 
Cardinalis cardinalis. 
Piranga rubra cooperi. 


Vireo solitarius cassinii. 
Dendroica ceerulescens. 
Dendroica rara. 

Seiurus aurocapillus. 

Icteria virens. 

Sylvania pusilla pileolata. 
Harporhynchus bendirei. 
Turdus aonalaschke pallasii. 
Saxicola cenanthe. 


9. Regular visitants from the east or southeast. 


Colaptes auratus. 
Tyrannus tyrannus.* 
Quiscalus quiscula ceneus.* 
Spizella socialis.* 

Spiza americana. * 
Helminthophila celata.* 
Compsothlypis americana.* 


*Breeding. 


Dendroica coronata. 
Galeoscoptes carolinensis.* 
Harporhynchus rufus.* 
Sitta carolinensis. * 
Polioptila ceerulea.* 
Merula migratoria. * 

Sialia sialis.* 


10. Rare or irregular visitants from the east or southeast. 


Xema sabinii. 

Anas obscura. 

Branta bernicla. 

Ajaja ajaja. 

Philohela minor. 

Elanoides forficatus. 

Ictinia mississippiensis. 
Coccyzus erythrophthalmus. 
Sphyrapicus varius. 
Melanerpes carolinus. 
Phalenoptilus nuttalli nitidus. 
Milvulus forficatus. 
Sayornis phcebe. 
Dolichonyx oryzivorus. 
Icterus spurius. 

Icterus galbula. 
Scolecophagus carolinus. 


Carpodacus purpureus. 
Zonotrichia querula. 
Zonotrichia albicollis. 
Melospiza fasciata. 
Cardinalis cardinalis. 
Passerina cyanea. 
Vireo olivaceus. 
Mniotilta varia. 
Helminthophila peregrina. 
Dendroica czerulescens. 
Dendroica maculosa. 
Dendroica rara. 
Dendroica striata. 
Seiurus aurocapillus. 
Icteria virens. 

Saxicola cenanthe. 


u. Regular visitants from the west or southwest. 


Anas cyanoptra. 
Grus canadensis. 
Columba fasciata. 


Glaucidium gnoma. 
Geococcyx californianus. 
Dryobates scalaris bairdi. 
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Cypseloides niger borealis. Dendroica graciz. 

Trochilus alexandri. Dendroica nigrescens. 
Selasphorus rufus. Dendroica townsendi. 
Myiarchus cinerascens. Catherpes mexicanus consper- 
Amphispiza bilineata. sus. 
Amphispiza belli nevadensis. | Parus inornatus griseus. 

Pipilo fuscus mesoleucus. Psaltriparus plumbeus. 


Guiraca ceerulea eurhyncha. 


Nore. All of these species have been found breeding in Colorado ex- 
cept Grus canadensis. 


12. Rare or irregular visitants from the west or southwest. 


Plegadis guarauna. Myiarchus lawrencei olivas- 
Callipepla squamata. cens. 
Callipepla gambeli.* Junco phzonotus dorsalis. 
Melopelia leucoptera. Pipilo aberti.* 
Accipiter atricapillus striatu- Piranga rubra cooperi. 
lus. Vireo solitarius cassinil. 
Zonotrichia coronata. Turdus aonalaschke. 
*Breeding. 
SUMMARY. 
Total-species in Colorados22.. 22-22 = eee 360 
1. Residents) 205) 22ute Se 87 
2. Regular winter visitants from the north_-_-____- 24 
3. Regular breeders that sometimes occur in winter-_ 17 
4. Rare or accidental winter visitants._____......_ 22 
5. Summertesidents..__ 2 eee see eet ee 228 
A. Breeding on plains and in mountains__-_-___ IOI 
B. Breeding on plains, but not in mountains__ 34 
C. Breeding in mountains, but not on plains-_ 53 
D. Breeding principally in mountains, spar- 
ingly: on ‘plditis....__-.-. ee 20 
E. Breeding regularly only in southern Colo- 
fade. 2uLUle. 2S ee 20 
6. Summer visitants, not known to breed___-_______ 15 
7. Migrants lo suvue ac 2 eee 58 
8. “Stragglers ___. -.__._.. Ue 48 
g. Regular visitants from east and southeast________ 14 
10, Rare visitants from east and southeast-..________ 33 
11. Regular visitants from west and southwest_______ 20 


12. Rare visitants from west and southwest__________ 12 
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DATES OF MIGRATION. 


The notes on migration given in the following table are 
designed to show the different time at which the same species 
of birds arrive at different places and altitudes in Colorado as 
compared with the time of their arrival in the same latitude 
farther east and at a lower altitude. St. Louis, Mo., is thirty 
miles farther north than Fort Lyon, Colo., and one hundred 
and twenty miles south of Loveland, Colo. Hence, according 
to latitude, the birds should arrive in St. Louis about the same 
time as at Fort Lyon. But it is found that in fact they reach 
St. Louis on the average about twelve days before they appear 
at Fort Lyon. The dates of arrival seem to indicate an aver- 
age difference of six days between Fort Lyon and Loveland. 
The distance between these two places is one hundred and fifty 
miles, or an average movement for the birds of twenty-five 
miles per day. This agrees quite closely with the average of 
twenty-eight miles per day that was found to be the usual 
speed of migration in the Mississippi valley. 

The birds arrive at Idaho Springs about twenty-five days 
later than at Loveland, the result of the nearly three thousand 
feet more of altitude at the former place. 

The records that follow for St. Louis, Mo., were taken by 
Mr. O. Widmann during the spring of 1884, and published on 
pages 33-37 of ‘‘ Bird Migration in Mississippi Valley.” The 
records for Fort Lyon were made by Capt. P. M. Thorne, U. S. 
A., and those at Loveland by Mr. Wm. G. Smith. These 
records were made for the Division of Ornithology and Mam- 
malogy of the Department of Agriculture at Washington, and 
the present writer is indebted to the chief of the division, Dr. 
C. Hart Merriam, for copies of these records. ‘The notes from 
Idaho Springs are those taken by Mr. T. M. Trippe, and pub- 
lished by Dr. Coues in “‘ Birds of the Northwest.” 

It is understood, of course, that when dates are given for 
western varieties that do not occur at St. Louis, it is meant that 
the western variety was noted in Colorado and its eastern rep- 
resentative at St. Louis. Thus, merula migratoria propingua 
was seen at Fort Lyon, while merula migratoria was the bird 
seen at St. Louis. 

All the dates given are those on which the first individu- 
als of the species were seen. 
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DATES OF ARRIVAL. 


Sr. Lours,| Fr. Lyon, LOVELAND, SS 
Cora SPRINGS, 
Mo., COLOo., OLO., Core.; 
1884. 1883-1886. 1887-1890. 1873. 
tiles Heute sas 22 ree Pe at an, 30_. | Mch. 14=Apr, 1 | Jan. 27-Feb. 10 | _-22-_222.2 
Agthea AN ETICANG 22-32 <2 hott Sec J ay ee Feb. 22-Mch. 1 | Feb.2-Mch.6__ | -.-----.--- 
Anas carolinensis .__.__ ..-. | Feb. 18.. | Feb. 20-Mch. 3 b 
Aas streperas Peto i east t Sek | eo Mchiutag. $2222 
SiR RTC Ca Ares ed ere een eae Pe Mch. 16-17____- 
Aythyasvallisneria\ < seek cass fet Ea Aptapi ccc 
Larus delawarensis ____...___.----- lie eae Vi) oie 5 panes = 8 
Spatutpiclypeatas = Sassi. OF Tita Set eee eee 
AVE Va ye thas eS gos a ee eee se os. 4 | cae 2 Mch. 27-Apr, 10 
Anasiamericana,.. 3/2) 3250 Ye. 13. SEA Se eee 
Merula migratoria propinqua____ Jan. 30 _. | Mch. 14-18_____ 
AGiaitis*vOCwera = <2 no) Sacesee MCh igsi2eseeee 


Charitonetta albeola ___ 
Chen hyperborea 
Falco sparverius 
Anas cyanoptera 
Anas discors 


Falco peregrinus anatum 
(etim ee DAWG ee eager son oe 
Sialia mexicana bairdi_ 
Sayornis saya.________- 
Oroscoptes montanus_____________- 
Pipilo maculatus megalonyx 
Zonotrichia leucophrys____________ 
Erismatura jamaicensis_ 
AE Sialifis montana. 0... a0. 
Speotyto cunicularia hypogeea____ 
Grus americana._* 4-5-3 ee 
Pandion haliaétus carolinensis____ 
Rallus virciniantis: 1. 25°" ¥>- 
Lanius ludovicianus excubitorides_ 
Zenaidura macroura______________- 
Xanthocephalus Rema | game soe 
Recurvirostra americana _ 
Numenius longirostris 
Anthus pensilvanicus_ 
Totanus flayipes 22... Sete Paes 
Podilymbus podiceps _____________- 
Poocetes gramineus confinis_ 
Gathantes auravcecse ee ee 
Scolecophagus cyanocephalus 
Dendroica auduboni 
Tringa minutilla_______..____ 
Totanus solitarius _____.___. 
Ammodramus savannarum perpal- 
lidus 


dinus 
Ardea herodias 


Pelecanus erythrorhynchus 
Chelidon erythrogaster 
Progne subis 
Petrochelidon lunifrons 


Jan. 30 _. 


Mch, 27-Apr. I 


Mch. 31 


Mch. 26 


i 29-May 12 
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DATES OF ARRIVAL— Continued. 


Limosa 


St. Lours.| Fr. Lyon, LOVELAND, IDAHO 
Mo., CoLo., COoLo., praia e 
1884. 1883-1886. 1887-1890, 1873. 

Nycticorax ny cticorax neevits: |. ("ste |e ADURIS. eee oe aa 
Afgialitis meloda'circumeinctas:__) co tei) les Apr t25<May $5) | ae Soee a2 
Dendroica:coronata.-___- -—_ 2.7 = _- 2) DLAI Y eld EE Apr, 24-25.___. seat pr ee i25 
Turdus aonalaschke auduboni____ May 6-9._._.._ | Apr. 25-May 7 | ...May 25 
Myadestes townsendii___._________ Apr. 22-23..___ SDE 256. oes . Resident 
Spizeliavpalitidag 3 en ADE 25. 2 ce AVE GS ee Neste ates 
hachyeineta thalassina =< = 2 totees | 2 os ey ee ADE 2ORe sara tea a ae 
Stelgidopteryx serripennis._-..._. | Apréjr5i2 |-ce22 2 ADE 28 5 225) eo eee 

fedoa_ See ES Ok Be ER eee or | eee ee 2) Apr. 20-May 1 | ose. 2S 
Tringa alpina pacifica seer nial ek ESA ie Apt. 29-MayOb |e 2 eae 
Macrorhampus scolopaceus______- BLA 2 ne ere | SDE 20 ocean Cee wilt wore cee amen 
Melospiza fasciata montana_______ | Feb. 23._ | _____________.__ Apts Zoli teers |> Sess Seats 
Steganopus tricolor as tat 3. onl. 2 || Paka eee | ara es a) fo Apr./aj=May, x) <—2o.  e 
Salpinctes obsoletus.___.____.____. Apr. 20___._..._. | Apr. 29-May 8 | ...May 20 
Cistothorus palustrisipaludicola_—- |) 22 22s) |-orus sd ie ADE 30.2 tee ee 
Colymbus'nigricollis californicus®_ 2 2a! |) ee Apr 265300 ieee 
Spizella socialis anzonwe ©... SS eee ao onl MADER E SOL | Sees el ees eer eae 
Phalaropus lobatus____.___._______- Ma Val- Sao) | eer ee ene 
Helminthophaga celata Maly, 3225287 one es eee eee 
Melospiza lincolnii._.2__-2_-_-=_: rea 


Symphemia semipalmata inornata 
Clivicolaripariasy 0. 2 ke 
Tachycineta bicolor________ 
Sterna forsteri......._.- 
Oreospiza chlorura__ 

Larus franklinii ____. 
Ereuntes pusillus____ 
Dendroica estiva______ 
Passerina amcena ...- 
Chondestes grammacus | ‘strigatus 
Tyrannus verticalis ___...-...---.- 
Contopus richardsoni 
Tyrannus tyrannus_ 2s - 2. 2-223 
Turdus ustulatus swainsonii._ ___ 
Setophagaruticilian =o. 202 2-4: 
Dendroica nigrescens 
Aeternus bullockte ress s 2 4 et 
Geothlypis trichas occidentalis____ 
Ereuntes occidentalis________.__.._- 
Calamospiza melanocorys__ 
Troglodytes aédon aztecus_______- 
Piranga ludoviciana ___ 
Harporhynchus rufus_____________- 
Geothlypis macgillivrayi_________- 
Vireo solitarius plumbeus _. 
Galeoscoptes carolinensis___._____- 
Contopus borealis. ._ 
Vireowilvussrsst) ie pee st 
Vireo olivaceus 


Empidonax minimus___.___.____-- 
Mimus polyglottos__________.____-- 
Sylvania pusilla. = 202s 2... 
Aéronautes melanoleucus________- 
Botaurus lentiginosus_____________ 
Zamelodia melanocephala________- 
Helminthophaga peregrina 
Micropalama himantopus 


May I0-15___.. 
Apr. 21-May Io 


Apr. 17-May 2 
May site 


May 20 


__.May 15 
.--June 20 
__.May 25 
..-May 25 
-.-May 20 
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BIBLIOGRAPHY OF COLORADO ORNITHOLOGY. 


The following list of publications, concerning the birds of 
Colorado, is believed to be practically complete with the follow- 
ing exceptions: No record has been made of the reviews or 
notices that have appeared of these publications. Some twenty- 
three articles have been omitted as being but incidental refer- 
ences and having no valuable bearing on the subject matter 
in hand. 

One important particular should be noted in regard to the 
following pages. While referring to the book or article by its 
title as a whole, the explanatory notes have reference to only 
that part of the work that deals with Colorado birds as such 
explicitly. All implied references have been neglected. Even 
such a broad and comprehensive statement as ‘‘found in the 
entire Rocky Mountain region” has not been deemed sufficient 
to warrant considering it a Colorado reference. No reference 
whatever is made to all that part of the publications that deals 
with other matters. 

The names of the authors are arranged alphabetically and 
the articles under each author in chronological order. 


AIKEN, C. E. and HoLpEn, C. H. Jr. Notes on the Birds of 
Wyoming and Colorado Territories. By C. H. Holden, Jr. 
with additional memoranda by C. E. Aiken. Proc. Bost. 
Soc. Nat. Hist. XV. 1872, pp. 193-210. 

The paper is edited by T. M. Brewer who states that Mr. Holden’s notes 
are based on birds and eggs found ‘‘in the northern part of Colorado and south- 


ern part of Wyoming Territories.’’ As no record is given of the precise localities 


where each species was obtained, Mr. Holden’s notes cannot be quoted with any 
certainty as referring to Colorado. 


The records of Mr. Aiken were taken near Fountain, El Paso County, 
between November 1, 1871 and May 1872, and formed an important contribu- 
tion to the knowledge of Colorado birds. The paper treats of 142 species, fully 
annotated, of which 59 are for the first time accredited to Colorado. 


AIKEN, C. E. A Glimpse at Colorado andits Birds. Am. Nat. 
VETS S72 Pink: 
Field notes on 21 species of birds seen in October in El Paso County. 
AIKEN, C.K. A New-Species of Sparrow. Am. Nat. VIZ. 
1873, D. 236. 


Description of Centronyx ochrocephalus since ascertained to be a syno- 
nym of A, bairdii. Taken in El Paso County, Colorado. 
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AIKEN, C. E. The Nidification of the Blue Crow and of the 
Gray-headed Snowbird. Am. Sportsman, V. 1875, p. 370. 


Contains the first published description of the nest and eggs of the Biue 
Crow ( Cyanocephalus cyanocephalus ) also the first description of the nest and 
eggs of the Gray-headed Snowbird (/unco caniceps ). 


AIKEN, C. E. Notes on the Ornithology [of Colorado] observed 
by Mr. C. E. Aiken, Assistant. Ann. Rept Chief of 
Engineers, 1875, part Il. Appendix LL, p. 1070. 

A short sketch of the birds observed by him ina trip from Pueblo to 

Pagosa Springs and return by way of the San Luis Valley. These notes, in a 


much fuller form, are included in H. W. Henshaw’s report on the Birds of the 
Geographical Explorations and Surveys west of the one hundredth meridian. 


ALLEN, J. A. Notes of an Ornithological Reconnoissance of 
portions of Kansas, Colorado, Wyoming and Utah. Bul. 
Mus. Comp. Zool. Ii. 1872, pp. 113-183. 


A notable paper for the student of the historical side of Colorado Ornith- 
ology, as it contains the first real ‘‘local list’? ever published of Colorado birds. 
All that had been written previous to this time on the birds of Colorado treats 
of less than twenty-five species, while this paper mentious more than three times 
that number. It is not meant that no ornithologists previous to this time had 
visited Colorado, but that their observations had not at this time been published. 
Mr. Allen’s paper contains in addition to notes on birds from other states, a list 
of birds observed in Colorado, July-August, 1871 (81 species); in South Park, 
Colorado, July, 1871 (54 species); on Mount Lincoln, Colorado, July, 1871 (36 
species). Of these 84 species are for the first time accredited to Colorado. 


ALLEN, J. A. and BREWSTER, Wm. List of Birds Observed in 
the Vicinity of Colorado Springs, Colorado, during March, 
Apriland, May, 1832) wi. WV 0O..C. 111s 1388.0 pp. Por 

‘and 189. 

Notes on the arrival, abundance and breeding of 134 species. Also tech- 
nical notes by Mr. Brewster on the specific characters of 14 species. The first 
and only records for Colorado of Bendire’s Thrasher and the Florida Gallinule 
are given here. Mr. Brewster here gives the original description of Helmintho- 
phila celata lutescens, but without including Colorado in its geographical range, 
where however it has been taken by subsequent observers. 


ALLEN, J. A. On the Avi-Fauna of Pinal County, with Re- 
marks on some Birds of Pima and Gila Counties, Arizona. 
By W. E. D. Scott, with annotations by J. A. Allen. <Azé, 
V. 1888, p. 760. 


States that 7voglodytes aedon aztecus is the form found in Colorado. 


ALLEN, J. A. The North American Species of the Genus 
Colaptes considered with Special Reference to the Re- 
lationships of C. auratus and C. cafer. Bull. Am. Mus. 
Nat. Hist. IV. No. 1, 1892, article IT, p. 27. 

Considers that true auratus, true cafer and also the mixed formis are found 
in Colorado. 


AMERICAN ORNITHOLOGISTS’ UNION. ‘The Code of Nomen- 
clature and Check List of North American Birds, adopted 
by the American Ornithologists’ Union, being the Report 
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of the Committee of the Union on Classification and No- 
menclature. . New York: American Ornithologists’ Union, 
1886. 


Contains specific Colorado references to 35 species. 


AMERICAN ORNITHOLOGISTS’ Union. Check List of North 
American Birds, prepared by a Committee of the American 
Ornithologists’ Union. Second and Revised Edition. 
New York: American Ornithologists’ Union, 1895. 


Contains specific Colorado references to 53 species. 


AntHony, A. W. Winter Plumage of Leucosticte australs. 
Auk, IV. 1887, p. 257. 


Description of the plumage of male, female and young, based on speci" 
mens taken at Gold Hill, Colorado. 


Antuony, A. W. The Scaled Partridge (Callipepla squamata) 
in Colorado. Auk, XJ/. 1895, p. 388. 


A freshly killed bird seen in a taxidermist shop during the winter of 
1892-3; said to have been killed on the Platte River near Denver. 


BarirD, S. F., Cassin, J. and LAwRENCE, G. N. Reports of 
Explorations and Surveys to ascertain the most practicable 
and economical route for a railroad from the Mississippi 
River to the Pacific Ocean. Made under the direction of 
the Secretary of War in 1853-6, according to Acts of Con- 
gress of March 3, 1853, May 31, 1854, and August 5, 1854. 
Vol. IX. Birds: by Spencer F. Baird, Assistant Secretary 
Smithsonian Institution, with the co-operation of John 
Cassin and George N. Lawrence. 

Capt. Gunnison’s party and that of Lieut. Warren brought back skins and 


records of about twenty species of birds that have nothing but an historical value 


in this connection. They are included in the above volume with the records of 
the other surveying parties. 


BairD, S. F. Pacific Railroad Reports as above, Vol. X. 
Route near the 38th and 39th parallels explored by Cap- 
tain J. W. Gunnison, and near the 41st parallel, explored 
by Lieutenant E. G. Beckwith. Zoological Report No. 2. 
Report of Birds Collected on the Survey. By S. F. Baird. 


Contains much the same notes from Gunnison’s party that had already 
been printed in Vol. IX. Unimportant records of 15 species. 


BarrD, S. F. Geological Survey of California. J. D. Whit- 
ney, State Geologist. Ornithology, Vol. 1. Land Birds. 
Edited by S. F. Baird from the manuscript and notes of 
J. G. Cooper. Published by authority of the legislature, 
1870, pp. XI., 591. 


The only reference to Colorado i i 
ornithology is the appearance here under 
the name of Leucosticte campestri i Mi 
L s of a specimen of Leucos 
from Denver to the Smithsonian, ‘ Weecige, ‘This ie 


1 anuary, 1862, by Dr. C. igk. is i 
the first record for this species oe Cel ataae: > a ee 
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BAIRD, S. F., BREWER, T. M. and Ripeway, R. A History 
of North American Birds. Land Birds, Vol. I.-[III.]. 
Boston, Little, Brown and Company,.1874. 3 vols. 


Contains specific Colorado references on 54 species, nothing of which is 
new material. 


BATCHELDER, C. F. Description of the First Plumage of 
Clarke’s Crow. <Azk, Vol. 7. 1884, pf. 76. 


Specimens obtained in Chaffee County, Colorado. 


BATCHELDER, C. F. An Undescribed Subspecies of Dryobates 
pubescens. Auk, VT. 1880, p. 253. 


Describes D. p. orewcus (=homorus) with type from Loveland, Colorado. 


Batty, J. H. The U. S. Geological Survey. Forest and 
Stream, I. August 28, 1873, p. 35. 


Brief notes of a.trip from Denver to Buffalo Peaks. Mentions seven spe 
cies of common birds and in addition says: ‘‘I have also taken the nest, eggs 
and young of the Regulus calendula (ruby-crowned wren), which have never 
been taken before.’’ 


Batty, J. H. The White-tailed Ptarmigan—ZLagopus leucu- 
rus. Forest and Stream, I. January 29, 1874, p. 390. 


Seen in winter in the foothills of South Park, Colorado. 


BECKHAM, C. W. The Black-headed Grosbeak (Zameloara 
melanocephala). O. and O. VITT. 1883, p. 63. 


Notes on the nest and eggs. A male seen incubating near Pueblo, Colo- 
rado. 


BECKHAM, C. W. Notes on Some of the Birds of Pueblo, 
Colorado. Auk, //. 1885, p. 739. 


Brief records of the movements of g1 species of birds. Contains the first 
record for Colorado of Thryothorus bewtckit leucogaster and, with one excep- 
tion, the only record to date. 


BEcKHAM, C. W. Additional Notes on the Birds of Pueblo 
County, Colorado. Ak, JV. 1887, p. 120. 


Addition of 22 species to the 91 previously noted and further notes on 
28 species in the original list. First records for Colorado of Zonotrichia que- 
rula and Z. albicollis. ‘There has been a second specimen of the latter taken; 
the former remains the only record for the state. 


BENDIRE, C. E. Notes on the Habits, Nests and Eggs of the 
Genus Sphyrapicus Baird. Auk, V. 1888, p. 226. 
Contains extended notes by Mr. Dennis Gale on the habits of S. v. nuchalis 

in Colorado. 

BENDIRE, C. E. Notes on the Habits, Nests and Eggs of the 
Genus Glaucidium Boie. Auk, V. 1888, p. 366. 


States that the form found in Colorado is G. gnoma. 


BENDIRE, C. EK. A Peculiar Nest of Cznclus mexicanus. Auk, 
VI, 1880, p. 75. 
Describes one taken by Mr. Dennis Gale at Gold Hill. 
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BENDIRE, C. E. Pacicorous columbianus (Wils.), Clarke's Nut- 
cracker. Its Nest and Eggs, etc. Auk, V/. 1889, p. 226. 


Notes made by Mr. Dennis Gale at Gold Hill, Colorado, together with a 
reprint of Bendire’s description of the first nest and eggs ever taken, specimens 
procured in Oregon, (Bendire, O. & O. 1882, pp. 105-107 and 113-114); anda 
reprint of Goss’ description of the nest he found at Fort Garland, Colorado, 
(Goss, B. N. O. C., VIII. 1883, p. 44). Mr. Gale’s specimens are the third 
known to science. 


BENDIRE, C. E. Description of the Nest and Eggs of Megas- 
’ cops asio maxwellia, the Rocky Mountain Screech Owl. 
Auk, VI. 1889, p. 298. 


The first nest known was taken by Mr. A. W. Anthony near Denver; also 
several nests taken by Mr. Dennis Gale near Gold Hill. 


BENDIRE, C. EK. Megascops asto maxwellie.. Auk, VII. 1890, 
Dp: Gf. 


Results of the examination of three ejected pellets sent by Mr. Dennis 
Gale from Gold Hill. 


BENDIRE, C. E. A Second Nest and Eggs of Prcecorvus colum- 
branus taken in Colorado. Auk, VII. 1890, p. 92. 


Taken by Mr. Dennis Gale at Gold Hill. 


BENDIRE, C. E. Smithsonian Institution. United States Na- 
tional Museum. Special Bulletin No. 1. Life Histories 
of North American Birds, with special reference to their 
Breeding Habits and Eggs, with twelve lithographic plates. 
By Charles Bendire, Captain U. S. Army (retired), Honor- 
ary Curator of the Department of Oology, etc. pp. VIII. 
446. Washington: Government Printing Office, 1892. 
Descriptions of the nests and eggs of many species of Quail, Grouse, 

Doves, Hawks and Owls, of which 26 are specifically mentioned as occurring in 


Colorado. Contains many interesting and valuable notes by Mr. Dennis Gale, 
of Gold Hill, Colorado, on the breeding habits of birds in the Rocky Mountains. 


BENDIRE, C. E. Smithsonian Institution. United States Na- 
tional Museum. Special Bulletin [No. 3.] Life Histories 
of North American Birds from the Parrots to the Grackles, 
with special reference to their Breeding Habits and Eggs. 
By Charles Bendire, Captain and Brevet Major-U:-S. Ay 
(retired). Honorary Curator of the Department of Oology, 
U. S. National Museum, Member of the American Ornith- 
ologists’ Union. With seven lithographic plates. Wash- 


ae Government Printing Office, 1895. pp. I-IX. 


This is Part II. of the work quoted above as Special Bulletin No. 1: It 


has the same general plan and style and the notes come from the same sources. 
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BRACKET?T, A. E. Jack Snipein Colorado. Forest and Stream 
IX. 1877, p. 397. 


BRENINGER, G. F. Lincoln’s Sparrow and its Nesting. O. & 
O. XT. 1887, p. ror. 


Nest with young taken July 5 at 12,000 feet. 


BRENINGER, G. F. Nesting of the Western Yellow Warbler. 


O. & O. XTIT, 1888, p. 64. 
Short note on its ena. habits. 


BRENINGER, G. F. Nesting of the Green-tailed Towhee. 0. 
& O. XIII. 1888, p. 90. 
Eggs taken late in June at 7,000 feet. 


BREWER, T. M. Exhibition of a Pair of Plectrophanes mac- 
cownz from “‘ California,’’ z. e., Colorado. Proc. Bos. Soc. 
Nae, LIISt. VAIS A Dg ll. 


BREWER, T. M. Note onthe Nesting and Eggs of Logopus 
leucurus. Proc. Bost. Soc. Nat. Hist. XVI. 1874, p. 348. 
Taken by Mr. T. M. Trippe at Idaho Springs, Colorado, June 28, 1873, a 

thousand feet above timber-line. 

BREWER, T. M. [Letter on the Nest and Eggs of Dendreca 
audubont.| Llbts, gth Serves 1877, p. 394. 


Fully described specimens from Summit County, Colorado. 


BREWER, T. M. Notes on /unco caniceps and the Closely 
Allied Horms... B. NO. GidTT, 1878\ p72: 


Nest and eggs taken by J. H. Batty. Egg also taken July 12, 1876, in 
South Park. 


BREWER, T. M. ‘The Rocky Mountain Golden-eye (Bucephala 


wlandica). ~B. NO: C. 1K, 1879, p: 145; 
First eggs in the United States probably taken by Edwin Carter in 1876 


Brewer, T. M. The Rocky Mountain Whiskey Jack (Per: 
soreus canadensis capitals). B. N. O. C. LV. 1879, p. 239. 
Nest taken by Mr. Carter, April 2, 1879, at Breckenridge. 


BREWSTER, WM. On a Collection of Birds lately made by 


Mr. F. Stephens in Arizona. 2B. NV. O. C. VILL, 1883, p. 


rad bs 
Refers to the occurrence of the Chapparel Cock in Colorado. 


BREWSTER, WM. and ALLEN, J. A. See Allen, J. A. and 
Brewster, Wm. 2B. WV. O. C. VII. 1883, pp. 157 and 189. 


BREWSTER, Wm. Bendire’s Thrasher (Harporhynchus bendtret) 
ju Colotado. «3B. NacOn CeVlli,1883,'p...57. 


First and only capture in Colorado. 
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BREWSTER, WM. Recent Occurrence of the Flammulated 
Owl in Colorado. 2B. NV. O. C. VILL. 1883, p. 123. 


Note from Mr. C. E. Aiken recording a young bird in nestling plumage 
taken near Manitou, and one taken at Mosca Pass, at the same place where Dr. 
Walbridge shot one four years previous. 


BREWSTER, WM. ‘The Red Crossbill (Loxza curvirostra strick- 
land?) in Kansas. By L. L. Dyche. <Awk, /7/. 1886, p. 260. 


With a supplementary note by Mr. Brewster in which he states that 
Colorado specimens are much nearer stricklandi than americana. 


BREWSTER, WM. Three New Forms of North American Birds. 
Auk, IV. 1887, p. 145. 


Describes a new subspecies Syiphemia semipalmata inornata with types 
from Larimer County, Colorado. 


BREWSTER, Wm. On Three Apparently New Subspecies of 
Mexican Birds. Auk, V. 1888, p. 739. 


The Colorado Dendroica estiva is considered as a fair intermediate be- 
tween sonorana and morcomt. 


BREWSTER, Wm. Descriptions of Seven Supposed New North 
American Birds. Auk, VIII. 1891, p. 139. 


Includes Megascops asio aikeni with type from Kl Paso County, Colorado: 


BuRNS, FRANK L. ‘The American Crow, (Corvus americanus) 
with Special Reference to its Nest and Eggs. Bull. No. 5 
The Wilson Ornithological Chapter of the Agassiz Associ- 
ation, pp. 1-41. Oberlin, Ohio, March 15, 1895. H. Kenas- 
ton’s print, Oberlin, Ohio. 
Contains notes from Colorado by Mr. F. M. Dille. 


Byrrs, W. N. Birds and Electric Light. Forest and Stream, 
XVIII. 1882, 366 


Destruction of large numbers of birds by flying against the framework of 
the electric light towers in Denver, Colorado. 


CANTWELL, GEO. C. Doings of a Tenderfoot. O. & O. XV. 
1890, p. ro4. 


Short notes on several species of common birds seen near Pike’s Peak. 


CoALE, H. K. Ornithological Notes of a Flying Trip through 
hee New Mexico, Arizona and Texas. Auk, XJ. 1894, 
ta 70, 


A few notes on five species of the wi i 
a aaa te p e winter birds of Fort Logan, near Den- 


COCKERELL, T. D, A. ‘The Second Report of the Colorado 
Biological Association. Custer County Courant {| local 
newspaper |, December, 1888. 


Note from Chas. F. i ivi ae anaeannt 
relearn, Celera Morrison giving record of the capture of Ajaja ajaja 
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CockERELL, T. D. A. The Sixth Report of the Colorado 
Biological Association. Custer County Courant, January 
16, 18809. . 
Note from H W. Nash of the recent capture of the Pygmy Owl near 

Pueblo. 

COCKERELL, T. D. A. The Ninth Report of the Colorado 
Biological Association. “Our Spring Migrants,” T. D. A. 
C[ockerell]. Custer County Courant, February, 1889. 


Dates of arrival for 1888 of 11 species. 


COCKERELL, T. D. A. The Thirteenth Report of the Colorado 
Biological Association. Custer County Courant, March, 
1889. 

Robins first seen near Short Creek, March 19, 1889. 
[ Oversheets of all these reports were issued, unpaged and mostly un- 
dated ]. 

Cooke, W. W. Ten New Birds for Colorado. Auk, XJ. 1894, 

me. 
ns of some 15 species, of which Ozdemia deglandi, Ardetta exilis, 

Calidris arenaria and Coccyzus erythrophthalmus, proved to be new birds for 

the State. 

CookE, W. W. The Summer Range of Colorado Birds. Azk, 
ALT ISOS. p. £57. 

Gives recapitulation of the altitudes at which the birds breed in the State, 
but mentions only a few species by name. 

CouEs, E. Range of the Geococcyx californianus. Am. Nat- 
uralist, VIT, 1873, p. 751. 

Quotes a letter from Dr. A. Woodhull on the occurrence of this species 
on the Arkansas River near Fort Lyon, Colorado. 

CovEs, E. Department of the Interior. United States Geolog- 
teal ourvey ol the “Territories, 9 OV. Haydens U.S. 
Geologist in Charge. Miscellaneous Publications No. 3. 
Birds of the Northwest.. A Hand-book of The Ornithol- 
ogy of the Region drained by the Missouri River and its 
Tributaries. By Elliott Coues, Captain and Assistant 
Surgeon U.S. Army. Washington: Government Printing 
Oinee1574. pp... S11 7or 


A large part of Colorado falling within the scope of this volume, there is 
here collected nearly all that had -been written on Colorado birds up to this 
time. One hundred and forty-five species are attributed specifically to Colorado, 
in addition to many whose habitat includes Colorado by implication. But the 
most important part of the work with reference to Colorado, is the very full and 
valuable notes of Mr. T. M. Trippe on the birds in the vicinity of Idaho Springs. 
They form to-day the best record there is of the vertical movements of the birds 
in spring and fall migration. 


Cours, E. On the Breeding Habits, Nest and Eggs of the 
White-tailed Ptarmigan (ZL. leucurus). Bull. U.S. Geo- 
logical Surv. Terr. 2d series, No. 5, January 8, 1876, pp. 
263-206. 


Most of the material on which these notes are based came from Colorado. 
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Cours, E. The Destruction of Birds by Telegraph Wirte. 
Am. Naturalist, X. 1876, p. 734. 


A detailed account from observations in Colorado. 


Cours, E. Range of the Lanier Falcons 2. (NV. O- Gee 
1927, Paar: 


Very numerous in open portions of Colorado. 


Cours, E. Western Range of Conurus carolinensis. B. ave 
ORCLIG7 7 or 5c 


Letter from Mr. E. L. Berthoud of its occurrence from 1860 to 1862 at 
Golden, Denver, on the Little Thompson, and on the Arkansas River near old 
Fort Lyon. 


Cougs, E. Note on the Cinnamon Teal. B. NW. O. C. LL. 
LOTT SPs His 


This and several other species very abundant, breeding at a small lake in 
North Park, Colorado. ; 


Cours, E. Melopelia leucoptera in Colorado. B. N. OJ C. 
LL LOT Thon. 


Note from Mr. E. L. Berthoud of seeing a dozen or more, July, 1869, at 
the head of Cub Creek, Jefferson County, Colorado. 


Cours, E. Nest and Eggs of Selasphorus platycercus. B. N. 
OCs LIL ASS ios. 


Record of five nests found by Mr. E. A. Barber, July 26, 1875, in extreme 
southwestern Colorado. 


Cours, E. Department of the Interior, United States Geolog- 
ical Survey of the Territories. F. V. Hayden, U. S. 
Geologist in charge. Miscellaneous Publications No. 11. 
Birds of the Colorado Valley. A Repository of Scientific 
and Popular Information Concerning North American 
Ornithology. By Elliott Coues. Part First. Passeres to 
Lanude. Bibliographical Appendix. Seventy Illustra- 
tions. pp. XVI. 807. Washington: Government Print- 
ing Office, 1878. 

Contains a good deal of material on Colorado birds, but it is all quoted 

from Henshaw’s Report on the Surveys West of the Hundredth Meridian. q. v. 

Cours, E. Nest and Eggs of Catherpes mexicanus conspersus. 
VE PEON ES OR beh a th SXG Ney Me he 
Nest with five eggs taken by Mr. H. D. Minot at Manitou, June 8, 1880. 

Cours, E. Nest and Eggs of Myzadestes townsendii. B. N. 
O. C. VITT. 1883, p. 239. 


Description of nest and eggs fi Bas oe 
Goanty, Colomde: ggs found by Mr. Wm. G. Smith in Jefferson 


Covss, E. Nest and Boos of Parus eominnus. ON 
VIIT. 1883, p. 239. ee oe eke 


Description of both taken by Mr. Wm. G. Smith. 
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CouEs, E. Key to North American Birds, Ete. Fourth 
Edition, 1890. 


Gives specific Colorado references for 35 species. 


DAVIE, OLIVER. Nests and Eggs of North American Birds. 
By Oliver Davie. The Fourth Edition.. Introduction by 
J. Parker Norris. Illustrations by Theodore Jasper, A. M., 
M.D., and W. Otto Emerson. pp. XII. 451. Columbus, 
Hann & Adair, 1889. 


Contains specific references to 77 species of birds as breeding in Colorado. 


DEANE, RUTHVEN. Capture of a Third Specimen of the Flam- 
mulated Owl (Scops flammeola) in the United States and 
First Discovery of its Nest. 2. MV. O.. C. IV. 1879, p. 188. 


Taken by Mr. C. E. Aiken at Poncha. Pass, Fremont County, June 15, 
1875; also the nest with one egg. This is the first record of its breeding in 
Colorado. 


DEANE, RUTHVEN. The Old Squaw (Clazgula hyemalis) in 
Colorado. Auk, XII. 1895, p. 292. 


A male and female, shot by Mr. John B. Sibley near Denver, November 
13,1892. This is the first record for Colorado. 
DILLEe, F. M. Nesting of <Archibuteo ferrugineus. Young 
Oodlogtst, 1885, Dp. 44, 45. 
Nesting April 13, 1885, in Weld County. 


DiiLze, F. M. A Week’s Trip after Hawk’s Eggs in Colorado. 
One; X11, 1887, 2.07. 
Eggs or young of 2. 6. kriderii, B. 6. calurus, B. swainsont, A. ferru- 
gineus, and /. mexicanus, taken May 20-25, 1886, in Weld County. 
DILLE, F. M. Nesting of the Black-billed Magpie. O. & O. 
DOUTETE 1888, pi %27: 
Eggs on the plains usually about the first of May; in the mountains by 
May 25. 
DiLLz, F. M. Home Life of the Mountain Bluebird. Vdo/o- 


gist, II. 1894-5, p. 36. 
Notes on the nesting of the Rocky Mountain Bluebird and the House 
Finch. 


DiLLE, F. M. Colorado Birds. The Black-billed Magpie. Zhe 
Sunny South Oologrst, 1. No. 1. 


DILLe, F. M. Egg Collecting in Colorado. Zhe Sunny South 
Oologist, I. No. 2. 


DitLe, F. M. Colorado Birds. Lark Bunting and Mountain 
Plover. Zhe Sunny South Oologrst, I. No. 3. 
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eee F. M. Field Notes on the Birds of San Juan County, 
Colorado. B. NV. O. C. VI. 1881, Ap. 85 and 138. 


Notes of the occurrence, migration and breeding of 104 species that range 
to or above 10,000 feet. Contains the first Colorado records of AWizstrionicus 


histrionicus, Ceophleus pileatus, Cypseloides niger, Loxia leucoptera and Den- 


droica graci@é. 


Drew, F. M._ Song of the White-bellied Swallow (/r2doprocne 
bicolor). 1Bi.N..O.C: VE®engp anes 


“A peculiar chirrupy warble, bearing resemblance to a sparrow’s song in 
some respects and strikingly like a robin’s in some of the half-whistles.”’ 


Drew, F. M. The Golden-crested Wren Breeding in the 
Colorado Valley. 2B. V. O. C. VI. 1881, p. 244. 


A young bird just from the nest, taken in San Juan County, Colorado, on 
July 25, 1881, at 11,000 feet. 


Drew, F. M. Lopibes hyperboreus at 9,500 feet. B. NV. O. 
COVL. 1881, 2.249: 


Six killed by flying against the telegraph wires. 


Drew, F. M. Notes on the Plumage of Nephecetes niger 
borealis, B. N. O. C. VII, 1882, p. 182. 


Believes that four years are necessary to acquire full plumage. 


Drew, F. M. Noteson Lagopus leucurus. Auk, 1, 1884, fp. 
392. 


On the moulting of the toe-nails of specimens taken in southern Colorado. 


Drew, F. M. On the Vertical Range of Birds in Colorado. 
IME 11 LOO SCP Id. 


One of the most notable articles ever written on Colorado birds. It gives: 
1. The highest altitude at which each species is known to range in the spring. 
2. Thesame forthe summer. 3. The same for the autumn. 4. The upper 
and lower limits of altitude, between which the species ranges during the 
winter. 5. The upper and lower limits of the breeding range. 

_ The list is preceded by a short sketch of the topography of the state and 
a brief summary of its meteorological conditions. 

The article is intended to present a complete list of the birds of Colorado 
known to that time. It contains 277 species classified as follows: 

I. Residents, 51. 2, Summer residents, known tobreed, 156. 3. Total 
breeders, 207. 4. Migrants, 21. 5. Winter visitants, 22. 6. Summer visi- 
tants, not known to breed, 5. 7. Known to occur within the state, but not 
classified, 22. ToTaL, 277. 

in The article contains the first records for Colorado of Colymbus holbeellii, 
Colinus virginianus, Callipepla californica and Cardinalis cardinalis. 


DWIGHT, JONATHAN, JR. The Horned Larks of North America, 
Auk, VII. 1890, p. 738. 


Breeding birds of Colorado said to be arenicola. 


FISHER, A. K. U. S. Department of Agriculture. Division 
of Ornithology and Mammalogy. Bulletin No. 3.. the 
Hawks and Owls of the United States in their Relation to 


Agriculture. Prepared under the direction of Dr. C. Hart 
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Merriam, Ornithologist, by A. K. Fisher, M. D., Assistant 
Ornithologist. Published by authority of the Secretary of 
Agriculture. pp. 210. Washington: Government Print- 
ing Office, 1893. 


Specific Colorado references to 12 species. 


Goss, B. F. Notes on the Breeding Habits of Maximilian’s 
Jay (Gymnocitta cyanocephala) and Clarke’s Crow (Picicor- 
vus columbranus). B. N. O. C. VIII. 1883, p. 43. 


Description of nests and eggs found near Fort Garland, Colorado. 


Goss, N. S. Notes on the Breeding Habits of the American 
Eared Grebe (Dytes nigricollis californicus). Auk, I. 1884, 
Pp I9: 
Observations on the notes of Mr. Henshaw concerning the nesting of this 
species in the San Luis Valley. 


Goss, N. S. Additions to the Catalogue of Kansas Birds. Azk, 
ITI. 1886, p. 774g. 


Records the Chapparel Cock in southeastern Colorado and southwestern 
Kansas. 


Goss, N.S. Additions to the Catalogue of the Birds of Kansas 
with Notes in Regard to their Habits. Auk, V7. 1880, 


Pits 
Describes nest of Clarke’s Nutcracker taken at Fort Garland, Colorado. 


Hassrouck, E. M. The Carolina Paroquet (Conurus carolinen- 
S28 eek, LLL S8OLn Pug hoe 


Refers to its former occurrence in Colorado. 


Hassrouck, KE. M. ‘The Geographical Distribution of the 
Genus Megascops in North America. Auk, X. 1893, p. 250. 


The distribution of I. a. maxwellie and of M. a. aiken in Colorado 
is given with the authorities and references; also full records to date of all the 
captures of JZ. flammeola in Colorado. 


HENsHAW, H. W. Engineering Department, U. S. Army. 
Geographical and Geological Explorations and Surveys 
west of the one hundredth meridian. First Lieutenant 
Geo. M. Wheeler, Corps of Engineers, in Charge. Report 
upon Ornithological Specimens collected in the years 
1871, 1872 and 1873. Washington: Government Printing 
Office, 1874, pp. 148. 

In addition to various other articles on the birds of New Mexico, Arizona 


and Utah, it contains an article by Mr. Henshaw on 82 species found at Denver, 
May, 1873, and another on 104 species at Fort Garland, Colorado. 


HensHaw, H.W. LEared Grebe (Podiceps auritus var. Cal- 
sfornicus Coues.) Am. Nat. VIII. 1874, p. 243. 


An account of its breeding in San Luis Park. 
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Hensuaw, H. W. Engineering Department, U. S. Army. 
Report upon Geographical and Geological Explorations 
and Surveys west of the one hundredth meridian, in charge 
of First Lieut. Geo. M. Wheeler, Corps of Engineers, U. 
S. Army, under the direction of Brig. Gen. A. A. Humph- 
reys, Chief of Engineers, U. S. Army. Published by 
Authority of Hon. Wm. W. Belknap, Secretary of War, 
in accordance with Acts of Congress of June 23, 1874, and 
February 15, 1875. In six volumes, accompanied by one 
topographical and one geological atlas. Washington: 
Government Printing Office, 1875. Vol. V. Zoology, 
Chapter III. Report upon the Ornithological Collections 
made in portions of Nevada, Utah, California, Colorado, 
New Mexico and Arizona, during the years 1871, 1872, 
1873 and 1874, by H. W. Henshaw. pp. 133-507, plates 
XV. 


Observations on the distribution and breeding of birds as noted by the 
various parties. So far as Colorado is concerned, it is a reprint of the paper 
noted above by Mr. Henshaw and all that had been previously written by Mr. 
C. B. Aiken on Colorado birds, with the addition of much new matter. It gives 
specific Colorado records for 170 species, of which 14 are here for the first time 
attributed to the State. The whole makes one of the most valuable contribu- 
tions to Colorado ornithology. 


HrensHaw, H. W. ‘The Shore Larks of the United States and 
Adjacent Territory. Auk, J. 1884, p. 257. 


States that /ewcol@ma occurs in Colorado only as a winter visitant and 
that all breeding birds are avenicola. : 


HensHaw, H. W. List of Birds Observed in Summer and 
Fall on the Upper Pecos River, New Mexico. Auk, Z/. 
1885, J. 333, and concluded in Auk, S/T. 1886, p. 79. 


ae Contains Colorado notes on Baird’s Sparrow, Red Crossbill and Pigmy 
wl. 


HERSEY, J. CLARENCE. The Little White Egret (Ardea can- 
didisstma) in Colorado. Am. Naturalist, X. 1876, p. 430. 
A specimen taken at Boulder, May 4, 1876. 


Ho.pEn, C. H., Jr. and AikEN, C. E. See Aiken, C. E. and 
Holdén, ‘Cx. air. 


INGERSOLL, EARNEST. Our Present Knowledge of the Nidifi- 
cation of the American Kinglets. B. MV. O. C. Z. 1876, 
P77: 

Records a nest with five young and one egg, found by M 
, : y Mr. J. H. Batty, 
near Buffalo Mountain, June 21, 1873, being the first ever known to science. 


INGERSOLL, Earnest. The Flammulated Owl (Scops flamme- 
ola) in Colorado. B. N. O. C. V. 1880 paver 


Records a second specimen for Col i ‘OS 
Pana, dedhisd week Ht A veaNin ca olorado, shot by Dr. Walbridge at Mosca 
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“J” [Capt. P. M. THorne]. Range of Carfodacus frontalis. 
Forest and Stream, XXTI. 1883, No. 26, p. 493. 
A pair killed at Fort Lyon, Colorado, June 3, 1883, the female containing 

eggs nearly ready to lay. 

JEFFRIES, J. AMOoRy. Notes on an Hermaphrodite Bird. B. 
N. O. C. VII. 1883, p. 17. 


A Green-tailed Finch from Colorado Springs, Colorado. 


KELLOGG, V. lL. Summer Birds of Estes Park, Colorado. 

Trans. Kans. Acad. Science, XII, 1889-90, p. 86. 

Annotated list of 89 species, among them being Colinus virginianus, 
Columba fasciata, Pinicola enucleator and Sitta carolinensis [typical]. 
Lams, W. F. Nest and Eggs of Townsend’s Flycatcher. 2. 

Neg OG SL TOUT per 

First nest ever known to science found by him in Summit County, Colo- 
rado, in July, 1876, at an elevation of 10,000 feet. 

Lowe, W. P. Some Spring Arrivals at Pueblo County, Colo- 
tadoig (OO: & OwAVIL, 18922 Do TOL. 


Dates of arrival of about 70 species, including Polioptila cerulea. 


Lowk, W. P. A List of the Birds of the Wet Mountains, 
Huerfano County, Colorado. Auk, XZ, 1894, p. 2606. 


Annotated list of 76 species, giving their vertical distribution. 


LowE, W. P. The Scarlet Ibis (Guava rubra) in Colorado. 
Auk, XT, 1894, p. 324. 


A fine specimen shot in the Wet Mountains in May, 1876. This is the 
fourth record of its capture in the United States. 


LowkE, W. P. An Addition to the Birds of Colorado. Azk, 
XLT, 1895, p. 298. 


Capture of Callipepla squamata, June Io, 1895, in the eastern foothills 
of the Wet Mountains, Pueblo County, Colorado, at an altitude of 6,000 feet. 


LowE, W. P. The arrival of the English Sparrow at Pueblo. 
Nidtologist, II. 1894-5, p. 99. 
First seen there February 20, 1895, and quite common a week later. 
Lowk, W. P. Notes from the Field. Mzdzologist, [/, 1894-5, 
p. 169. 


Heights of nesting sites of several hawks and owls. 


MAYNARD, CHAS. J. Eggs of North American Birds. By Chas. 
J. Maynard. Illustrated with ten Hand-colored Plates. 
pp. IV. 159. Boston: DeWolfe, Fiske & Co., 1890. 


Specific Colorado breeding references for 22 species. 


McGrecor, R. C. /unco redgwayt in Colorado. Auk, X, 1893, 
p. 205. 


One taken near Boulder. 


3 
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McGrecor, R. C. Two Runts. Zhe Nidiologist, II. May, 
1895, p. 779. 


A set of eggs of Swainson’s Hawk, taken in Weld County, Colo., June 1, 
1887, contained one ‘“‘runt”’ egg. 


McGrecor, R. C. Birds of Estes Park.  Mzdzologist, IV. 
1896-7, p. 38. 


Short notes on the occurrence of 76 species. 


MERRILL, J. C. Oological Notes from Montana. B. NV. O. C 
VT, 1881, p. 204. 


Refers to the fact that the first four nests of the Ruby-crowned Kinglet 
known to science came from Colorado. 


MILLER, OLIVE THORNE. A Bird Lover in the West. Boston 
and New York: Houghton, Mifflin & Company. The 
Riverside Press, Cambridge, 1894. pp. I-VII. 1-278. 


Notes on the habits and nesting of several species of birds found in the 
vicinity of Colorado Springs. 


Minot, H. D. Notes on Colorado Birds. B. MO. C. VY. 
1880, p. 223. 
Annotated notes on 44 species taken at Boulder, 5,000 feet altitude; 


Nederland, 8,000 feet, and Seven Lakes, near Manitou, 11,000 feet altitude. 
The first and only record for Saxicola enanthe, taken at Boulder, May 14, 1880. 


Morrison, C. F. Field Notes on some Birds of Colorado. 
O. & O. XT. 1886, pp. 153 and 164, continued in O. & O. 
XII, 1887, p. 27 and 35, 58 and I00. 


Notes on 31 species taken at Fort Lewis, Colorado. The ‘‘Pinnated 
Grouse’’ referred to is of course the ‘“‘Sharp-tailed Grouse.”’ 


Morrison, C. F. A List of Some Birds of La Plata County, 
Colorado, with Annotations. O. & O. X//J. 1888, p. 70, 
107, 115 and 139. 


Quite full notes on 116 species, with the first record for Colorado of 
Meleagris gallopavo mexicana. 


Morrison, C. F. A List of the Birds of Colorado. O. & O. 
XII, 1888, p£. 145, 165 and 181, continued in O. & O. 
ATV. 1889, 2. 6, 65 and rg5, concluded in O. & O. XV. 
1890, p. 36. 


_ The most extensive list of Colorado birds published up to this time. 
Begins with No. 1 of the A. O. U. Check List and closes with No. 570 a, enum- 
erating 233 species. The list was never completed, owing to the destruction by 
fire of much of the material. In addition to records of Colorado birds already 
in print, the author had the use of a large amount of unpublished notes sent 
him by local collectors. The list, if completed at that time, would have shown 
326 species; but as the records of some fourteen species recorded here have 
since been ascertained to be incorrect, it would reduce the real number to B12, 
a Ate aa Re nh ie list geri three years previous. In this list 

e first time Ajaya ajaja, Tring colli. : } 
Nyctea nyctea, and Junco Pinos pps ncs Te ee 
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NasH, H. W. Notes on Some Birds Breeding in Colorado. 
Forest and Stream, Feb. 5, 1880. ; 


fe Short observations on the nests and eggs of 28 species breeding near 
Pueblo. 


Nasu, H.W. Colorado Bird Arrivals. Forest and Stream, 
XX, April 19, 1883, p. 225. 


Dates of arrival of the Eastern Bluebird and the Western Meadow Lark. 


Norris, J. P. A series of Eggs of Sitta pygmea. O. & O. 
ALT, 1888 pat73: 


One set was taken in Estes Park, Colorado, May 29, 1886. 


OSBURN, WM. Nesting of the Grebes. O. & O. XV. 1890, 
p. 68. 


Notes on the breeding of Podilymbus podiceps near Loveland, Colorado. 


OsBURN, WM. Birds of Rare occurrence in Northern Colorado. 
Sc1ence, XXII. 13093, p.. 272. 


Notes on nine species seldom found there, among which Zonotrichia 
coronata is the first and only record for Colorado. 


Prasopy, P. B. Glossy Ibis at Heron Lake. Medzologzst, LI. 
1895, p. 776. 


Refers to a mounted specimen in his possession taken near Colorado 
Springs, Colorado. 


PEARCE, GORDON D. Water Ousel or American Dipper. Zhe 
Sunny South Oologist, I. No. z. 


PoLkK, Burr H. A Mallard’s Strange Nesting Place. Forest 
and Stream, XVIII, 1882, p. 427. 


On the open prairie in eastern Colorado. 


RIDGWAY, RoBERT. On Some New Forms of North American 
Birds. Am. Nat. VII. 1873, pp. 603 and 615. . 


Describes Catherpes mexicanus conspersus taken in Colorado by Aiken 
and Allen and /unuco hyemalis aikent taken by Aiken near Fountain, El Paso 
County, in the winter of 1871-2. 


Ripcway, R. The Birds of Colorado. Bull, Essex Inst. V. 


1873, p. 174. 

The first list of Colorado birds ever published ; 243 species, of which 156 
are noted as breeding. The center of abundance of each species during the 
breeding season is also given. The list is preceded by several tables. Eastern 
species found in Colorado, 30. Others found at more western points, not yet 
detected in Colorado, 15. .[ Eleven of these have since been taken in Colorado, 
and one more only three miles north of the State in Wyoming.] Species of the 
southern border of the United States found in Colorado, 10. Western species 
found in Colorado not occurring in corresponding latitudes in the Great Basin, 5. 
The list is followed by critical notes on several species. 


RipGway, RoBertT. Description of a New Bird (Leucostzcte 
atrata) from Colorado. Am. Sportsman, IV. 1874, p. 247. 
Four specimens taken by C. E. Aiken at Canon City, in April, 1874. 


36 BIRDS OF COLORADO. 


Ripcway, Rospert. Mrs. Maxwell’s Colorado Museum; Cata- 
logue of the Birds. Feld and Forest II. 1887, pp. 195-198 
and 208-214. : 


A list of the 234 species in the collection, several of which are the first 
and some the first and only records for Colorado. 


Ripeway, Ropert. Mrs. Maxwell’s Colorado Museum; Addi- 
tional Notes. Field and Forest III, 1887, p. 11. 


Notes on two species /unco caniceps and Junco annectens. 


Ripcway, Ropert. Scops flammeola in Colorado. B. N. O. 
C. V. 1880, p. 185. 


Calls attention to the fact that his record of the specimen in Mrs. Max- 
well’s collection is the real first record of the species for Colorado. 


Ripcway, Ropert. A Review of the American Crossbills 
(Loxta) of the L. curvirostra Type. Proc. Biolog. Soc. of 
Washington, 1. 1883, p. 84. 


Describes a new subspecies, ZL. c. bendirei, as the form occurring in Colo- 
rado and adjacent territory. [The A. O. U. have since refused to admit the 
validity of this subspecies. | 


RipGway, Ropert. On the Possible Specific Identity of 
Buteo cooper Cass. with B. harlani (Aud.). Auk, J. 1884, 
p. 253. 
A specimen taken by Mr. C. E. Aiken at Colorado Springs. 


RIDGWAY, ROBERT. On Buteo harlani(Aud.) and B. Coopert 
Cass. Auk, II. 1885, p. 165. 


Shows that Aiken’s Colorado specimen should be considered harlani in- 
stead of cooperi. 


RIDGWAY, ROBERT. A Manual of North American Birds. 
ie By Robert Ridgway. Illustrated by 464 Outline Draw- 
ings of the Generic Characters. pp. XJ. 637. Plates 
CXXTV. Philadelphia: J. B. Lippincott Company, 1887. 


Gives specific Colorado references to 34 species, one of which, Coccyzus 
americanus occidentalis is here described for the first time and attributed to 


Colorado, and Guiraca cerulea eurhyncha is for the first time stated to be the 
form found in Colorado. 


“R.V.R.S.” Winter Snipe in Colorado. Forest and Stream 
AXYVI, 1886, No. 1, p. 5. 


Wilson’s Snipe reported as occurring about warm spring holes i 
coldest winter weather. ‘ See Asis BP = 


Say, Tuomas. Account of an Expedition from Pittsburg to 
the Rocky Mountains, performed in the years 181g and ’20 
by order of the Hon. J. C. Calhoun, Secretary of War; 
under the command of Major Stephen H. Long. From 
the notes of Major Long, Mr. I. Say, and other gentlemen 
of the party. Compiled by Edwin James, botanist and 
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geologist for the expedition. In twovols. With an atlas. 
Vol. I. {II.]. Philadelphia: H. C. Carey and I. Lea, 
Chestnut St. 1823. 


_ All Colorado matter is contained in the second volume, where eight 
Species new to science are described and the type localities given; also short 
notes on three species previously described. 5 


Scott, W. E. D. Notes on Birds observed at T'win Lakes, 
Lake County, Colorado. 2B. MV. O. C. IV. 1879, p. go. 


Annotated list of 60 species, giving dates of nesting and notes on oc- 
currence, 


SmiTuH, H. G. Jr. ‘The Shore Lark (Zremophila cornuta). O. 
OLX, 1884, D955: 


Notes on its habits and breeding at Denver. 


SmiTH, H.G. Jr. Notes from Denver, Colorado. O. & O. 
LX, 1884, p., £20; 


Notes on the Bohemian Waxwing, House Finch and Say’s Flycatcher. 


SmiTH, H. G. Jr. Cassin’s Purple Finch (Carpodacus cassint). 
O.. & O. X. 1885, ~. 90. 


Several seen at Denver, February 26 to March 25, 1885. 


SmitH, H. G. Jr. Some Additions to the Avi-fauna of Colo- 
rado. Auk, III, 1886, p. 284. 


Ten species not given in Mr. Drew’s list of Colorado birds. Of these the 
Rusty Grackle, Cormorant and Herring Gull are the first and only records for 
Colorado. 
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Smitu, H. G. Jr. Food of the Great Northern Shrike. O. & 
OP 1 1888" 2. 703. 


Occurs as a winter resident at Denver, capturing Shorelarks and Long- 
spurs ; also feeding on grasshoppers and other insects. 


SmitH, H. G. Another Megascops flammeolus for Colorado. 
Auk, X. 1893, p. 364. 


One taken in Jefferson County. 
Smiru, H. G. City Birds of Denver, Colorado. Sczence XXII. 
1893, p. 244. 


Short notes on 32 species. 


Smiru, H.G. Some Birds New to Colorado. With notes on 
others of little known distribution in the State. Zhe Nid- 
ologist IIL, 1896, Dp. 48, 65, 76. 

An important contribution to our knowledge of several species. Notes 
on 35 species, mostly water birds, of which 4chmophorus occidentalis, Larus 
atricilla, Sterna paradisea, Oidemia perspicillata, Gaura alba, Arenaria inter- 
pres, Strix pratincola, Dendroica cerulescens and Turdus aonalaschke are the 
first records for Colorado. 


Smitru, W. G. [Winter Birds in Larimer County, Colorado. | 
By W. G. S[mith]. Random Notes, IIl. 1886, p. 73. 
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Smith, W. G. [Nest of Rock Wren.] Random Notes, Ill, 
1886, p. 17. 


Smitu, W. G. [Nest and Eggs of Myzadestes townsendi. | 
Random Notes, IIT, 1886, p. 25. 


SmirH, W. G. [Notes from Colorado.] Random Notes, /1/. 
1886, pp. 66 and 67. 


Smiru, W. G. Nesting of Audubon’s Warbler. O. & O. 
XVIII, 1888, p. 774. 


SmirH, W. G. Nesting of the Ruddy Duck. O. & O. X//I. 
1888, p. 732. ; 


SmirH, W. G. Nesting of the Water Ousel. O. & O. XVII. 
1888, p. 749. 


Smiru, W. G. Nesting of the Pied-billed Grebe. O. & O. 
XIV. 18809, p. 138. 


Smiru, W. G. Breeding Habits of the Mountain Plaver. 0. 
& O. XIII. 1888, p. 787. 


Smitu, W. G. Nesting of the Cinnamon Teal. O. & O. 
XIV, 1889, p. 77. 


SmrrH, W. G. Sabine’s Gull. O. & O. XIV. 1889 p. 176. 
One killed at Loveland, October 12, 1889. 


SmituH, W. G. Nesting of the Eared Grebe. O.& O. XV. 
1890, p. 140. 


SMITH, W. G. Nesting of the Flammulated Screech Owl. 
OE OS AVI, 1893; pers 


Eggs at 10,000 feet on June 2, 1890, and another nest June 4. On June 
20, anest at 8,000 feet. [It is probable that all these were found in Estes Park. ] 


STONE, D. D. Water Ousel and Canada Jay. O. & O. V1. 
L352, 2. Fol. 


A Water Ousel seen at 11,000 feet in October near an open place in the 


ice on a small lake during a snow storm. Canada Jay so tame as to alight on 
his arm and take bread from his hand. 


STONE, D. D. Notes from Colorado. O. & O. VII. 1882, p. 191. 


Notes on 16 species taken at about 11,000 feet, Pine Grosbeak in July. 
eee of nest and eggs of ‘‘Oregon (?) Snowbird’’ and ‘‘Mountain Mock- 
Td. 
[In 0. & O. VIII. 1883, p. 13, Mr. R. Rid h i 
acre , 53, P. 13, Mr. R. Ridgway has a note saying that 
See Stone s ‘‘Mountain Mocking Bird” is Myiadestes townsendii, the “Oregari 
Snow Bird is | Junco caniceps, the ‘‘Stellar’s Jay’’ is the Long-crested and the 
Canada Jay’’ is the White-headed Jay, Perisoreus capitalis. | 


iabeas a D. Ruby-Crowned Kinglet. 0. & O. VIUZ. 1883, 
egy 


Description of nests and eggs taken near Hancock, Colorado. 
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STONE, D. D. Colorado Notes. Extracts from may Note-book. 
OIG 1X, 3884, Part l, p. 9.- Fart 2, 2. 20. 


Notes on the nests and eggs of 18 species of birds nesting above 11,000 feet. 


STONE, D. D. [Myzadestes townsendit and Sialia sialis.| Ran- 
dom Notes, III, 1886, p. 42. 


THORNE, P. M. The Eastern Bluebird at Fort Lyon, Colorado. 
Auk, [Il, 1886, p. 489. 


A a nested there in 1886. 


THORNE, P. M. Additions to Drew’s List of Colorado Birds. 
Auk, IV. 1887, p. 264. 


Notes on 20 species taken in the vicinity of Fort Lyon. [Of these Con- 
topus pertinax, Melospiza georgiana, Vireo belli, Anthus spragueti, Thryoth- 
orus ludovicianus, Thryothorus bewickti and T; urdus Suscescens are now known 
to be errors of identification. ] 

THORNE, P. M. Abnormal Plumage of Xaxthocephalus xan- 

thocephalus. Auk, V. 1888, p. 772. 


Taken in Las Animas County, Colorado. 


THORNE, T. W. [P. M.] The Olivaceous Flycatcher and 
Pheebe in Colorado. Auk, VI. 1889, p. 276. 
Both taken at Fort Lyon; the first and only records for the state. ° 


[Woop, C. S.] Scops flammeola. Colorado Springs Gazette, 
Sept. 3, 1879. 
Exhibition by C. E. Aiken of the fourth specimen from the United States, 
Woopsury, A. H. Ring-billed Gull in Colorado. O. & O. 


XIT. 1887, p. 176. 
One taken at Monte Vista. 
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THE HISTORY OF COLORADO ORNITHOLOGY. 


In an old State like Massachusetts or New York whose 
birds have been studied and written about for nearly two cen- 
turies, it would be almost a hopeless task to collect and digest 
the enormous mass of material. In Colorado the case is far 
different. Less than fifty years have elapsed since the first sys- 
tematic study of Colorado birds was made and but little was 
done previous to 1870. Yet in twenty-five years many records 
have been lost and the Colorado list shows already nearly a 
dozen species known to have been taken in the State, but the 
data of whose capture, when, where and by whom, cannot now 
be found. 

This shows that it is high time a permanent record should 


be made of the principal facts in Colorado Ornithology while 
these facts are obtainable. 


1807. Pike. ‘The first reference to any birds residing in 
Colorado is found in Lieut. Pike’s account of his trip through 
the State. He mentions the raven, magpie, turkey and pheas- 
ant. From what is now known it seems probable that he refers 
to corvus corax sinuatus, pica pica hudsonica, meleagris gallo- 
pavo and dendragapus obscurus, but as this is guess work in the 
case of two of these species, all of them are repeated under 
the name of the next one who reported them. 


1823. Say. The expedition of Maj. Long was accompanied 
by the first trained ornithologist, who entered the bounds of the 
present State of Colorado, Thos. Say has left us records of the 
capture during that trip of dexdragapus obscurus, columba fasct- 
ata, tyrannus verticalis, pica pica hudsonica, carpodacus mext- 
canus frontalis, spinus psaltria, passerina amana, petrochelidon 


lunifrons, mimus polyglottos, salpinctes obsoletus and merula 
migratoria, — 


1858. Baird. The government parties of the Pacific Rail- 
road surveys traveled but little in Colorado. The following is 
a list of all the government expeditions that entered Colorado 
previous to 1860: 


1806-7. Lieut. Pike. Up the Arkansas Ri i i 
Souikirabes ties Bere tous p as River to Canon City, across into 


estan, -about way into the San Luis Valley and to New 
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1820. Maj. Long. Up the South Platte to Denver; across the ‘‘ Divide ”’ 
‘to Colorado Springs and south into New Mexico. 

1844 and 1845. Capt. Fremont. Across the State via Grand River, 
Pueblo, Denver and Fort Morgan. . 5 

1851. Capt. Pope. Came from New Mexico north and east to La Junta 
-and east to Kansas. 

1853. Capt. Gunnison. Crossed the plains to the Arkansas River, up 
that stream and its branches to Trinidad, Colorado, across southern Colorado to 
Fort Massachusetts, over the Continental divide to the Gunnison River, down 
‘this stream and the Grand River to Utah. ; 

1855. Lieut. Warren. Just touched Colorado at Julesburg. 

1856. Ljeut. Bryan. » Up the South Platte to Fort Morgan and north into 
‘Wyoming. 

1859. Col. Loring and Capt. Macomb. Across the southwest corner of 
‘Colorado in passing from Utah to New Mexico. 


The specimens collected by these various expeditions, to- 
gether with the field notes of the naturalists were worked up by 
Prof. Baird and his assistants, and incorporated in the ninth 
volume of the Pacific Railroad Reports. There occur here the 
first specific Colorado references to auas discors, aythya amert- 
cana, grus mexicana, lagopus leucurus, centrocercus urophasta- 
nus, zenardura macroura, circus hudsonius, buteo swatnsont, 
Salco sparverius, asio wilsonianus, speotyto cunicularia hypogea, 
adryobates villosus hyloscopus, colaptes auratus, otocoris alpestris 
arentcola, xanthocephalus xanthocephalus, oroscoptes montanus, 
troglodytes aedon aztecus, parus atricapillus septentrionalis and 
stalia arctica. 

[NoTE. It may seem an anchronism to say that Baird 
added d@. v. hyloscopus to the Colorado list, since it was not sepa- 
rated asa variety until many years later. What is meant, of 
course, is that Baird added the bird which is now called a. wv. 
hyloscopus, though he himself used a different name for it. | 

1859. Baird. In volume ten of the Pacific Railroad 
Reports, in giving the list of the birds taken by Capt. Gunni- 
son’s party, Baird notes specifically as from Colorado, several 
species that were on hand when volume nine was written, but 
which are not specially mentioned there as having been taken 
in Colorado. ‘They are duteo borealis calurus, chordetles virgin- 
tanus henryt, pertsoreus canadensis capitalis, and corvus corax 
sinuatus. 


1870. Baird. Cooper's Birds of California, I. 1870, p. 163. 
Leucosticte tephrocotis taken by Wernigk at Denver. 

1872. Allen. Bul. Mus. Comp. Zool. ll, 1872, pp. 113- 
183. The visit of J. A. Allen to Colorado laid the foundation 
of our knowledge of the birds of the State. Passing across 
the plains, collecting along the base of the foothills and ascend- 
ing above timber-line on one of the highest mountains, he pre- 
sented the first ‘local list’ from Colorado and the first state- 
ment of the vertical range of the different species. Mr. Allen’s 
opportunities for observation were neither so good nor so exten- 
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sive as those of Mr. C. E. Aiken, but his notes being published a 
few months earlier, makes his records antedate those of Mr. 
Aiken, though really taken somewhat later. Mr. Allen’s list adds 
84 species to Colorado birds as follows: anas strepera, tringa minu- 
tilla, totanus melanoleucus, totanus flavipes, totanus solitarius, bartramia 
longicauda, actitis macularia, egialitis vocifera, e@gialitis montana, bon- 
asa umbellus umbelloides, pediocetes phasianellus campestris, cathartes 
aura, aquilachrysaetos, halieetus leucocephatus, falco peregrinus anatum, 
ceryle alcyon, picoides americanus dorsalis, sphyrapicus varius nuchalis, 
sphyrapicus thyroides, melanerpes erythrocephalus, melanerpes torqua- 
tus, colaptes cafer, phalenoptilus nuttalli, aeronautes melanoleucus, 
selasphorus platycercus, tyrannus tyrannus, sayornis saya, contopus 
borealis, contopus richardsoni, empidonax wright, cyanocitta stellert 
macrolopha, aphelocoma woodhousei, nucifraga columbtanus, moloth- 
rus ater, agelaius phoeniceus, sturnella magna neglecta, icterus spurius, 
icterus galbula, icterus bullocki, scolecophagus cyanocephalus, carpod- 
acus cassint, leucosticte australis, spinus tristis, spinus pinus, poocetes 
gramineus confinis, ammodramus sandwichensis alaudinus, chondestes 
grammacus strigatus, zonotrichia leucophrys, spizella soctalis arizona, 
junco caniceps, melospiza fasciata montana, melospiza lincolnt, pipilo 
maculatus megalonyx, orcospiza chlorura, zamelodia melanocephala, 
spiza americana, calamospiza melanocorys, piranga ludoviciana, chel- 
idon erythrogastra, tachycineta bicolor, tachycineta thalassina, lanius 
ludovicianus excubitorides, vireo olivaceus, vireo gilvus, vireo solttar- 
wus plumbeus, dendroica estiva, dendroica auduboni, geothlypis mac- 
gillivrayt, icterta virens longicauda, sylvania pusilla, setophaga ruti- 
cilla, anthus pensilvanicus, cinclus mexicanus, galeoscoptes carolinen- 
sis, harporhynchus rufus, catherpes mexicanus conspersus, sitta 
carolinensis aculeata, sitta pygmeaa, parus gambelt, regulus calendula, 
myadestes townsend, turdus fuscescens salicicolus, turdus aonalaschke 
audubont, stalia mexicana bairdt. : 


1872. Aiken. Proc. Bost. Soc. Nat. Hist. XV. 1872, pp. 
793-210. For several years, previous to 1872, Mr. C. E. Aiken 
had been living in Colorado and studying its bird life. His 
observations were from time to time communicated to Prof. 
Brewer and Mr. Ridgway. ‘They constitute the largest mass of 
material on Colorado ornithology collected by any one person. 
Mr. Aiken’s notes, published by Prof. Brewer in 1872, constitute 
the first records of the movements of the birds in Colorado in 
winter, and these winter species form, with the water birds, a 
large part of the 59 species that this list contains in addition to 
those already given by Mr. Allen. The following are the 
additions: hydrochelidon nigra surinamensis, anas boschas, anas 
americana, anas carolinensis, anas cyanoptera, spatula clypeata, dafila 
acula, mx sponsa, aythya vallisneria, aythya affinis, aythya collaris 
clangula clangula americana, charitonetta albeola, erismatura jamai- 
censis, bvanta canadensis hutchinsit, botaurus lentiginosus, ardea hero- 
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dias, grus americana, rallus virginianus, recurvirostra americana, 
gallinago delicata, tringa maculata, numenius longirostris, bubo vir- 
gimianus subarcticus, geococcyx californianus, dryobates pubescens 
homorus, sphyrapicus varius, tyrannus vociferans, mytarchus cineras- 
cens, empidonax traillit, otocoris leucolema, corvus cryptoleucus, corvus 
americanus, cyanocephalus cyanocephalus, coccothraustes vespertina, 
leucosticte lephrocotis, zonotrichia leucophrys intermedia, spizella mon- 
ticola ochracea, spizella sccialis, junco atkent, junco hyemalis, junco 
hyemalis connectens, junco mearnsi, pipilo maculatus arcticus, pipilo 
SJuscus mesoleucus, chvicola riparia, ampelis garrulus, ampelis cedro- 
rum, lanius borealis, helminthophila virginie, helminthophila celata, 
compsothlypis americana, dendroica coronata, dendroica nigrescens, 
geothly pis trichas occidentalts, cistothorus palustris paludicola, parus 
tnornatus griseus, psaltriparus plumbeus, regulus satrapa, sialia sialis. 


1873. Aiken. Am. Nat. V//. 1873, 73, Mr. Aiken records 
here ammodramus bairdi for Colorado. 


1873. Ridgway. Bul. Essex inst. Nov. 1873, 779. ‘This is 
one of the most important and, at the same time, one of the 
most unsatisfactory publications ever issued concerning Colo- 
rado birds. It gives a list of 243 species known to occur in 
Colorado, of which 59 had never before been credited to the 
State. The list is entirely a compilation and much of it from 
manuscript notes of various persons and collections, yet, for 
the most of these species, no source of authority is given; 
for several the source is given incorrectly, and for some it is 
impossible at this day to ascertain the basis for including them 
in the list. ‘The list is based largely on the records of Mr. Aiken, 
and to him belongs most of the credit for the notes on distribu- 
tion during the breeding season. Many of the species are 
included on the authority of Mr. Henshaw who had lately taken 
them and allowed of their publication here in advance of his 
own notice that appeared ata later date. Several of the rarer 
species owe a place in the list to their occurrence in the Maxwell 
collection, a complete list of which was not published until 
1877. And, as stated above, there are some species whose source 
cannot be now ascertained. ‘The following species appear in 
this list for the first time; those marked with one star having 
been taken by Mr. Aiken, those with two stars by Mr. Henshaw, 
and those with the asterisk are in the Maxwell Collection. 
** Colymbus nigricollis californicus, } podilymbus podiceps, ture 
nator tmber, tlarus delawarensis, sterna forstert, + pelecanus 
erythrorhynchos, tmerganser amerwanus, {lophodytes cuculla- 
tus, *anas obscura, aythya maria nearctica, }brania canadensis, 
olor buccinator, tplegadis guarauna, tardea canddissima, {por- 
zana carolina, **fulica americana, |steganopus tricolor, **tringa 
batrdi, ttringa alpina pacifica, **ereunetes pusillus, ** symphemia 
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semipalmata tnornata, charadrius dominicus, *meleagris gallo- 
pavo, accipiter velox, accipiter cooper, accipiter atricapillus, 
archibuteo lagopus sanctt-johannis, **archibuteo Jerrugineus, 
** falco mexicanus, falco columbartus, falco richardsont, {pandion 
haliaetus carolinensis, *glaucidium gnoma, *melanerpes carolinus, 
trochilus alexandri, **empidonax difficilis, **empidonax munt- 
mus, **empidonax hammonat,**dolichonyx oryzivorus, **quasca- 
lus quiscula ceneus, tpinzcola enucleator, loxia curvirostra 
stricklandt, tplectrophenax nivalis, tcalcartus ornatus, }rhyncho- 
phanes mccownt, ammodramus savannarum perpallidus, {spe- 
zella pallida, **spizella breweri, amphispiza bilineata, amphas- 
piza belli nevadensis, passerella iliaca schistacea, *guiraca 
cerulea eurhyncha, *passerina cyanea, **progne subis, **stelgt- 
dopteryx serripennis, *helminthophila peregrina, troglodytes 
hiemalis, certhia familiar’s montana, *polioptila cerulea, tturdus 
ustulatus stainsoni. 


1874. Ridgway. Am. Sportsman, IV. 1874, 247. Re- 
cords /eucosticte atrata taken by Aiken at Colorado Springs. 


1874. Coues. Z2zrds of the Northwest. Inaddition toa 
recapitulation of what has been written by Allen and Aiken on 
Colorado birds, this book contains some long and valuable notes 
by T. M. Trippe on the birds of Idaho Springs and vicinity. 
Also several extended notes by J. A. Allen, supplementary to 
those he had already published. ‘There is here published the 
first and only record of the species taken by Stevenson during 
the trip made by Dr. Hayden’s party in 1869. ‘This party 
started at Cheyenne, passed south to Denver, up Clear Creek 
and over Berthoud’s Pass to Middle Park, back to Denver and 
south via Colorado City and Trinidad to New Mexico. ‘The 
first records for Colorado given in Birds of the Northwest are 
bhalaropus lobatus, acanthts linaria and seturus aurocapillus. 


1874. Baird, Brewer and Ridgway. story of North 
American Birds. Icteria virens taken by Thos. Say near the 
headwaters of the Arkansas. 


1876. Henshaw. Surveys West of One Hundredth 
Meridian, Vol. V. Though some of these notes were really 
published two years previous, it will be better for present pur- 
poses to refer to the above which is the complete report of Mr. 
Henshaw’s work. 

In 1873 Henshaw and his assistants visted Denver and 
after a prolonged stay there during May, visited the San Luis 
Valley, making their headquarters at Fort Garland. The next 
year C. B, Aiken, as assistant ornithologist of the party, col- 
lected in the vicinity of Colorado Springs and Pueblo and then 
crossing the range into San Luis Park collected as far west as 
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Pagosa Springs. In addition to the species communicated to 
Mr. Ridgway and published by him in 1873, the following are 
given: chen hyperborea, himantopus mexicanus, macrorhampus 
scolopaceus, limosa fedoa, selasphorus rufus, spinus psaltria 
arizone@, pipilo abertr, piranga rubra coopert, dendroica macu- 
losa, dendrowa vara, dendroica striata, dendrotca townsendi, setu- 
rus noveberacensis notabtlis, sttta canadensis. 


1877. Ridgway. MJaxwell’s Colorado Museum. Field 
and Forest, /1. 1876-7, pp. 195 and 208. ‘This is the finest col- 
lection ever made of Colorado birds. It has been claimed that 
every bird in this collection was actually taken in Colorado. 
There seems good and sufficient reasons for believing that some 
of the skins bought by Mrs. Maxwell were really taken outside 
the State. They were all mounted by Mrs. Maxwell and largely 
collected by her. Most of them were taken in the vicinity of 
Boulder, but many were sent to her by friends in other parts of 
the State. Unfortunately nearly all of the data accompanying 
these specimens have been lost and there is now no means of 
ascertaining when or where they were captured. 

Besides the species already given from this collection in 
Ridgway’s List there are the following: stercorarius parasiticus, 
rissa tridactyla, larus philadelphia, xema sabini, phalacrocorax 
dilophus, mergus serrator, clangula tslandica, oidemta americana, 
anser albtfrons gambelt, olor columbianus, tantalus loculator, 
nycticorax violaceus, charadrius squatarola, asio accipitrinus, 
nyctala acadica, megascops asto maxwellie@, megascops flam- 
meola, coctyzus americanus occidentalis, leucosticte tephrocotrs 
littoralis, calcarius lapponicus, vireo solitarius cassini. Two 
of these, 7zssa trédactyla, and nycticorax violaceus, still remain 
the first and only records for Colorado. 

This completes the record of all work done in Colorado by 
the government surveying parties and by the individual workers 
that did so much for the ornithology of the state from 1869 to 
1876. ‘The state list at this time numbered 279 species or two 
more than those included ten years later by Mr. Drew in his 
list of Colorado birds. ‘The Maxwell collection is the last large 
addition to the Colorado list. The 81 species that have since 
been added are nearly all rare or accidental visitants and have 
been added a few at a time by a large number of different 
workers. 


1877. Coues. &. NV. 0.C. ll. 1877, pp. 50 and 83. Adds 
conurus carolinensts and melopelia leucoptera taken by E. L. 
Berthoud. 


1880. Minot. 2.4. 0. C. V. 1880, 223. First record for 
mntiotilta varia and the first and only record for sestcola enanthe, 
taken at Boulder. 
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1881. Drew.  B. WV.-O. Oy Vin a88ig pet 8 Sand 136. ae ne 
government expeditions under Mr. Henshaw extended over 
much of southern Colorado and their work is supplemented by 
that of Mr. Drew, which gives us the results of several years’ 
active field work in the extreme southwest corner of the State. 
Several new species are added as follows: histrionicus histrionicus, 
ceophicus pileatus, cypseloides niger borealis, loxia leucoptera, dendroica 
gracig and merula migratoria propingua. 


1883. Brewster. 2. NV. 0. C. VIII. 1883, 57. Records 
the capture of harporhynchus bendiret at Colorado Springs. 


1883. Allen & Brewster. B.N. O. C. VIII. 1883, 1512 and 
189. Gallinula galeata taken at Colorado Springs. 


1884. Ridgway. Avs, 7. 1884, 50. Buteo borealis harlani 
taken by Aiken at Colorado Springs. 


‘1885. Drew. Auk, //. 1885, 27. Includes colymbus holballi 
but gives no authority for the record. Also mentions that 
colinus virginianus and callipepla californica have been introduced 
in the State. Includes cardinalis cardinals probably based on 
Anthony’s specimen at Denver. 


1885. Beckham. Auxuk, //. 1885, 739. Numenius hudsont- 
cus and thryothorus bewrcki leucogaster taken at Pueblo. 


1886. H. G. Smith. <Azk, ///. 1886, 284. Records /arus 
argentatus smithsonianus, nycticorax nycticorax nevius, philohela 
minor and scolecophagus carolinus from near Denver, and syrnium 
occidentale as taken by C. E. Aiken near Colorado Springs. 


1887. Beckham. Avzk, /V. 1887, 120. Zonotrichia querula 
and zonotrichia albicollis taken at Pueblo. 


1887. Thorne. Awk, [V. 1887, 264. Branta bernicla, grus 
ssi and micropalama himantopus taken by him at Fort 
yon. 


1887. Dille. O. & O. XII. 1887, 97. Buteo borealis krideri 
taken in Weld County. 


_ 1887. Ridgway. Manual of North American Birds. Hel- 
minthophila celata lutescens noted as occurring in Colorado. 


1888. Morrison. O. & O, XII. 1888, pp. 70, 107, 115 and 
139. Meleagris gallopavo mexicana added from La Plata County. 


1888. Morrison. O.& O. X//I. 1888, pf. 1.45, 165 and 181, 
ALV. 1889, pp. 6, 65 and 145, XV. 1890, p. 36. Aaja ue taken 
at Silverton, “nga fuscicollis taken by Capt. Thorne at Fort 
Lyon, callipepla gambeh taken by Mr. Morrison in southwestern 
Colorado, xyctea nyctea and junco pheonotus dorsalis. 
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1888. Thorne. Auk, V. 1888, p. 772. Turdus aonalaschhe 
pallasu from Fort Lyon. 


1889. Thorne. Auk, VJ. 1889, 276. Myiaschus lawrencei 
olwascens and sayornis phorbe taken by him at Fort Lyon. 


1890. Kellogg. Zzans. Kans. Acad. Science, XII. 1889-90, 
86. Sitta carolinensis taken by him in Estes Park. 


1891. Brewster. Auk, V/I/. 1891, 139. Description of 
megascops asio atkent, the type taken by Aiken at Colorado 
Springs. 


1893. McGregor. Auk, X. 1893, 205. Funco annectens 
taken near Boulder. 


1893. Osburn. Sczence, XXII. 1893, 212. Accipiter atri- 
capillus and zonotrichia coronata taken at Loveland. 


1894. Cooke. Auk, X/. 1894, 782. Ardetta exilis,at Colo- 
rado Springs; otdemia deglandi, calidris arenaria and coccyzus 
erythrophthalmus, in the museum of the Agricultural College, 
at Fort Collins. 


1894. Lowe. <Auk, XJ. 1894, 32g. Guara rubra taken 
in the Wet Mountains near Pueblo in May, 1876. 


1895. Deane. Auk, XII. 1895, 292. Harelda hyemalts 
taken near Denver. 


1895. Lowe. Auk, X7/. 1895, 298. Callipepla squamata 
taken by him in the Wet Mountains. 


1895. Lowe. JNidologzst, Il. 1894-5, 99. Passer domestt- 
cus first seen at Pueblo, February, 1895. 


1896. Bendire. Lz/e Hestorzes of North American Birds. 
Part Il. Coccyzus americanus, dryobates pubescens and phale- 
noptilus nuttalli nitidus are credited to Colorado, but no author- 
ity given. 

1896. Smith.  NVzdologist, III. 1895-6, 48, 65 and 76. 
cthmophorus occidentalis, larus atricilla, sterna paradisea, 
oidemia perspicillata, guara alba, arenaria interpres, strix 
pratincola, dendrotca cerulescens and turdus aonalaschke all 
taken in the vicinity of Denver. 


1897. Cooke. Colorado Experiment Station Bulletin No. 37. 
The present publication contains the first records for Colorado of 
several species as follows: ardea rufescens, elanoides forficatus and 
bubo virginianus arcticus, by Aiken; carpodacus purpureus, by 
Anthony; ‘ctinia mississippiensis, buteo lineatus elegans, milvulus 
forficatus and sylvania pusilla pileolata, by Breninger; dryobates 
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scalaris bairdt, by Lowe; larus californicus, larus occidentalts, larus 
franklinu, ereunetes occidentalis and egialitis semipalmata, by 
Osburn; chen hyperborea nivalis and megascops asto, by Snyder; 
colymbus auritus, melospiza fasciata and dendrotca estiva sonorana, 


by Thorne. 
RECAPITULATION. 

Total number 

DATE AUTHORITY. of Species 
to date 
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THE BIRDS OF COLORADO. 


I. AEchmophorus occidentalis. WESTERN GREBE. 

Migratory; rare. A western species that finds its eastern 
limit at the western edge of the plains. The only certain 
record for the State is that of H. G. Smith (Nidologist, 
III. 1896, 48) who saw the skins of one that had been shot 
near Denver about October 25, 1888, and of two others taken in 
the vicinity a few days earlier. It may eventually be found to 
breed in Colorado, since it is an abundant summier resident in 
Utah. 


2. Colymbus holbeeilii. HoLBai_i’s GREBE. 

Migratory ; rare; a northern species coming south in the 
winter. It is a widely distributed species, liable to be found 
anywhere but so far has been noted in Colorado only in the 
southwestern corner in La Plata County, where F. M. Drew 
noted it in the autumn at 10,000 feet (Auk, II. 1885, 11) 
and C. F. Morrison notes it as “rare”? in the same locality 
(O. & O. XIII. 1888, 70). It breeds far north. 


3. Colymbus auritus. HORNED GREBE. 

Migratory; rare. Inhabits the whole of North America, 
but its only Colorado record is that of Capt. P. M. Thorne who 
writes, “I find in my journal under date of October 8, 1887, the 
following. ‘Killed a C. aurztus. Wasalone. Not seen here 
before.’ I do not think a mistake as to identification possible. 
I am familiar with C. x. californicus and P. podiceps.’ ‘This 
was at Ft. Lyon on the Arkansas River. The Horned Grebe 
breeds from the northern United States northward and comes 
south in the winter. 


4. Colymbus nigricollis californicus. AMERICAN EARED 

GREBE. 

Summer resident; rare in eastern, not uncommon in 
western Colorado; breeds in suitable localities throughout its 
range from the plains to 8,000 feet, especially on the alkali 
lakes. Mr. Henshaw found it nesting abundantly in the San 
Luis Valley, most of the eggs being fresh June 23. He also 
found the birds quite numerous in migration at Denver as late 
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as May 15, 1874. Its nest has been taken at Loveland, with 
fresh eggs June 20, and it is not uncommon on the lakes and 
reservoirs in the Big Thompson and Cache La Poudre Valleys. 
A few pass across the State and enter Kansas. 


6. Podilymbus podiceps. PIED-BILLED GREBE. 

Summer resident, rare; in migration,common. The only 
records of breeding come from the vicinity of Loveland, though 
it probably will be found breeding over much of the northern 
third of the State below 7,000 feet. In the southern portion 
of Colorado it is known only as a migrant, but in open seasons 
a few may remain through the winter. 


7. Urinator imber. Loon. 

Found throughout the State as a migrant and occasionally 
in winter, but not so common as in most of the country farther 
east. It has not been known to breed in Colorado, and proba- 
bly all leave the State for their northern breeding grounds. 


37. Stercorarius parasiticus. PARASITIC JAEGER. 

Breeds at the far north and comes south to Colorado as a 
rare visitant in fall and winter. ‘Three cases have been re- 
corded. One, in Mrs. Maxwell’s collection, was taken at Boul- 
der in December, some time previous to 1874. A young bird in 
the dark phase was shot at Sloan’s lake near Denver during the 
fall of 1889. (H. G. Smith, Nidologist, III. 1896, 48.) 

Mr. W. P. Lowe, of Pueblo, writes that one was secured 
on the Arkansas River a mile below Pueblo in the fall of 1894, 
and is now in his collection. 


40. Rissa tridactyla. KIrrrwAkE. 

_ A-northern species, rare or accidental in Colorado in the 
winter. The only known specimen is the one in Mrs. Max- 
well’s collection, which was taken at Boulder in December. 


49. Larus occidentalis. WESTERN GULL. 
A Pacific Coast bird; accidental in Colorado. The only 


record for the State is the one Prof. Wm. Osburn writes that he 
took at Loveland, September 30, 1889. 


51a. Larus argentatus smithsonianus. AMERICAN HkrR- 

RING GULL. 

Inhabits the whole of North America and occurs rarely in 
Colorado during migration. One was seen for several days by 
Mr. Breninger, near Fort Collins, and a young bird was shot at 
Denver, November 17, 1883. (Auk, III. 1886, 284.) 


53. Larus californicus. CALiroRNIA GULL: 


i western species that has been found breeding in immense 
numbers in Utah and has also been once taken in Kansas. It 
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would be supposed then that it would be not uncommon in 
Colorado and it may yet be found rarely in the western part of 
the State, or even breeding, but at present the only record for 
Colorado is the one taken by Prof. Wm. Osburn, at Loveland, 
May 7, 1890. 


54. Larus delawarensis. RING-BILLED GULL. 

Summer resident, rare; in migration,common. ‘he only 
gull that is commonly found throughout Colorado. Many are 
seen in the spring migration and they are very common in 
autumn on all bodies of water below 9,000 feet. "They migrate 
early, appearing in southern Colorado by the middle of March. 
F. M. Drew records it as breeding at 6,000 feet. (Auk, II. 
1885, II.) 


58. Larus atricilla. LAUGHING GULL. 
A gull of the South Atlantic and Gulf States accidental 


once in Colorado. One was shot at Sloan’s Lake near Denver 
in December, 1889. (H. G. Smith, Nidologist, III. 1896, 48.) 


59. Larus franklinii. FRANKLIN’S GULL. 

Migratory; rare. Has been taken by Wm. G. Smith, at 
Loveland, and A. W. Anthony saw a freshly mounted specimen 
said to have been taken near Denver. 


60. Larus philadelphia. BONAPARTE’S GULL. 

Migratory; rare. Eight specimens have been recorded, 
and every one has been taken along the edge of the plains from 
Colorado Springs to Fort Collins. Nearly all were captured in 
the fall, when it is reported as not uncommon in some localities. 


62. Xema sabinii. SABINE’s GULL. 

Winter visitant; rare. Breeds far north and comes south 
for the winter. Five occurrences have been recorded, all in the 
fall and early winter from October to December. ‘They were 
noted at Denver, Boulder, Loveland and Fort Collins. 


69. Sterna forsteri. FORSTER’S TERN. 

Summer resident, rare; in migration, not uncommon. 
According to Mr. Ridgway a few breed in the State (Bull. Essex 
Institute, V. Nov. 1873, 174), but most of them are merely 
migrants. ‘They are almost as common in the spring as in the 
fall. ‘They reach northern Colorado the last of April and early 
in May. 


71. Sterna paradisza. ARcTIC TERN. 
Migratory; very rare. But two instances are on record. 
Prof. Wm. Osburn has an adult male that was shot at Loveland, 
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July 9, 1889, and Mr. Ridgway has identified for H. G. Smith 
one that was shot near Denver in the spring of 1887. _ (Nidolo- 
gist; III. 1896, 48.) 

[74. Sterna antillarum. LEAST TERN. 


In the Auk, XI. 1894, 182, the present writer added this to the list of 
Colorado birds on the strength of a mounted specimen at Colorado Springs that 
he was told had been taken in that vicinity. Further investigation has con- 
vinced him that the specimen was secured outside of Colorado. There is now 
no certain record for this State. It is asouthern species that breeds as far north 
as Kansas, and will undoubtedly some day be obtained in Colorado. ] 


77. Hydrochelidon nigra surinamensis. BLACK TERN. 

Summer resident; not uncommon; in a few localities, 
nests quite abundantly; somewhat more common in migration. 
It is found on both sides of the range almost anywhere that the 
natural conditions are suitable. Reaches northern Colorado the 
middle of May. 


120. Phalacrocorax dilophus. DOUBLE-CRESTED CORMO- 

RANT. 

All the records for Colorado come from the eastern foot- 
hills. ‘There was one in Mrs. Maxwell’s collection and H. G. 
Smith records four instances near Denver; one about November 
I, 1885, one about October 1, 1891, from a flock of about 20, one 
in the fall of 1886, and a fourth from Jones’ Lake, near Denver. 
(Auk, III. 1886, 284, and Nidologist, III. 1896, 48.) Since it 
has been found breeding abundantly in Utah, it will probably 
yet be found in the western half of Colorado. 


125. Pelecanus erythrorhynchos. AMERICAN WHITE PEL- 

ICAN. 

Formerly not uncommon in migration and some remained 
to breed; now rare in migration and no late record of its breed- 
ing. It is still occasionally noted from both sides of the range. 
Has been taken in the San Luis valley in October, 1887, at 
8,000 feet, but usually is found below 5,500 feet. Still breeds 


in Wyoming and Montana. Passes across Colorado late in April 
and early in May. — 


129. Merganser americanus. AMERICAN MERGANSER. 


Resident; winter sojourner not uncommon; rather more 
common in migration; breeds along the northern boundary of 
the United States and northward and a few breed in the mount- 
ains and mountain parks of the north half of Colorado. It is 
found in winter wherever there is open water along the South 
Platte, especially near Fort Morgan, and is likely to be noted on 
any open water on the plains. It is most common in April 
moving northward. It has been reported less commonly from 
the western half of Colorado, but as it is of general distribution 
in North America, it probably occurs throughout the State. 
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130. Merganser serrator. RED-BREASTED MERGANSER. 


Winter sojourner, rare; in migration, not uncommon. 
Breeds far north. Occurs in winter on the Platte, and in migra- 
tion throughout the plains district of eastern Colorado. Un- 
doubtedly occurs, though not yet reported, on the lower waters 
of western Colorado. 


131. Lophodytes cucullatus. HOoopED MERGANSER. 


Resident; a few remain in the State during the winter, 
and a still smaller number nest irregularly over eastern Colo- 
rado and in the mountains. It is a little more common in 
migration, especially late in the fall, just before the lakes freeze. 
Capt. Thorne found it at Fort Lyon on June 20 and July 2. 


132. Anas boschas. MALLARD. 


Resident; in winter, not uncommon; in migration, one of 
the most common ducks, especially in the fall; breeds through- 
out the State below 9,000 feet, on the plains as well as among 
the mountains. Chas. F. Morrison makes the statement that 
in La Plata County the Mallards are never seen in the fall 
(O. & O. XIII. 1888, 70), however in the lower portions of the 
State they are abundant at that season, and they have been 
known to ascend to 10,500 feet during the autumn. The larger 
part of migration takes place in March, and by the latter part 
of April few are left except those that remain to breed. 


133. Anas obscura. BLACK DUCK. 


Migratory; rare. An eastern species finding in Colorado 
its most western extension. One was taken by C. E. Aiken 
prior to 1873 (Ridgway, Bull. Essex Institute, V. 174), and Prof. 
Wm. Osburn writes that he took one on the Big Thompson, 
near Loveland, March 15, 1889. 


135. Anas strepera. GADWALL. 


Summer resident, not common; in migration, common. 
C. F. Morrison says: “It breeds in the sloughs and small lakes 
at 11,000 feet in southwestern Colorado. I secured ten young 
from the La Plata River, unable to fly. These with the parent 
birds came down from the mountains. They started quite 
young on their southern migration.’’ (O. & O. XIII. 1888, 145.) 
V. L. Kellogg found them breeding in Estes Park. (Trans. 
Kans. Acad. Science, VII. 1889-90, 86.) Other observers have 
noted their breeding on the plains. It is never as common in 
migration as many of the other ducks, but old hunters expect 
to get a few each season. ‘They are most common during the 
spring migration early in March. 
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137. Anas americana. BALDPATE. 

Summer resident; tolerably common, locally; in migration, 
commonly distributed all over the State and occasionally in the 
fall migration is locally abundant. Breeds mostly in the north, 
but a few remain behind to breed on the prairies of Kansas and 
eastern Colorado, while Dr. Coues found them breeding in large 
numbers in North Park at an altitude of about 8,000 feet. (B. 
N...O.. ChE 1877551.) 


139. Anas carolinensis. GREEN-WINGED TEAL. 

Summer resident; common, locally; in migration, abund- 
ant. One of the earliest ducks to migrate in the spring and on 
the plains one of the most abundant. The bulk breed farther 
north and it is a rare breeder on the plains, but among fhe 
mountains and mountain parks it is not uncommon through the 
summer. Henshaw found it in the San Luis Valley breeding 
in considerable numbers June 24, but not yet through laying. 
Morrison reports its breeding near Fort Lewis in southwestern 
Colorado, and Kellogg found it as a common summer resident 
of Estes Park. 


140. Anas discors. BLUE-WINGED TEAL. 

Summer resident, common; in migration, abundant. What- 
ever has been given above concerning the Green-winged Teal 
would apply equally to the Blue-winged. 


141. Anas cyanoptera. CINNAMON TEAL. 


Summer resident; common. A western species abund- 


ant over all the country west of the Rocky Mountains. Many 
cross the range and are found along the eastern foothills; farther 
east they are rare. HH. G. Hoskins writes that he found one at 
Beloit, near the eastern boundary of the state, on October 27, 
1895, and they have several times been taken in Kansas. There 
is no record of their breeding far out on the plains of Colorado, 
but judging from their known habits it is probable that a few 
breed locally over much of the country from the mountains to 
Kansas. In north central Colorado, at the western edge of the 
plains, a scattered pair or two can be found breeding in most of 
the sloughs or marshes. West of the range, Henshaw found 
them breeding in southern Colorado in June and Dr. Coues 
notes them as very abundant breeding at small lakes in North 
Park. They are among the later migrants of the ducks arriv- 
ing in northern Colorado early in April, and by the middle of 


June have full clutches of eggs. 
142. Spatula clypeata. SHOVELLER. 


oa Pace resident; common, locally; in migration, abund- 
ant. us duck inhabits the whole of North Aimerica and is 
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among the few that breed throughout their range. It has been 
taken all over Colorado, but apparently is more common as a 
breeder in the western half, not because it is more common 
there in migration, but it seems to prefer the higher altitude. 
Records of its breeding on the plains are not numerous, but in 
the mountain parks at about 8,000 feet it is one of the most 
numerous of the summer resident ducks. 


143. Dafila acuta. PINTAIL. 

Summer resident; rare; in migration, common; winter 
resident, rare. Some days during spring and fall migration this 
duck is very common on the plains. It is a bird of the plains, 
seldom going above 6,000 feet. A few remain around open 
water on the plains through the winter. It was recorded 
several years ago as breeding in the State (Ridgway, Bull. Es- 
sex Inst. V. 1873, 174), though it usually breeds from the 
northern row of states in the United States northward. Both 
W. G. Smith and G. F. Breninger write that it breeds in Lari- 
mer County, east of the foothills. 


144. Aix sponsa. Woop Duck. 

Summer resident; rare. Occurs over all of the United 
States and breeds throughout its range, but it must be con- 
sidered as one of the rare ducks in Colorado. It has been taken 
at Loveland and is occasionally taken on the lakes near Denver. 
C. F. Morrison says, “I found this duck at Fort Lewis, where 
it no doubt breeds, although I found no nest. Abundant about 
the headwaters of the Rio La Plata at an elevation of 9,500 
feet.” (O. & O. XIII. 1888, 165.) 


146. Aythya americana. REDHEAD. 

Migratory; common. Breeds farnorth. Is more common 
in Colorado than the Canvas+back and occurs throughout the 
State. Is one of the earlier ducks to move in the spring and 
occasionally a few appear in the fall by the middle of September, 
sometime before the regular flight begins. 


147. Aythya vallisneria. CANVAS-BACK. 

Migratory; not common. A few are observed spring and 
fall over all of the State, and sometimes quite large flocks are 
noted. It lingers late in the fall and has even been noted 
in the winter on the plains. Breeds far north. 


148. Aythya marila nearctica. AMERICAN ScAuP DUCK. 

Migratory; rare. Occurs on both sides of the range, but 
never common anywhere. Has been seen as late as December 
in southwestern Colorado at 9,000 feet. (Drew, B. N. O. C. VI. 
1881, 85.) Breeds far north. 
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149. Aythya affinis. LESSER Scaup DUCK. 

Migratory; not common. Its range is much the same as 
the last species, but it is rather more common. Occasionally 
found in southern Colorado in winter. Reaches northern Colo- 
rado early in March. 


150. Aythya collaris. RING-NECKED DUCK. 

Migratory; rare. It is a little strange that this duck 
should be so uncommon as it seems to be in Colorado, since it 
is more common in Kansas than either of the others. Probably 
occurs on both sides of the range, though all the records are on 
the plains east of the foothills. Breeds far north. 


151. Clangula clangula americana. AMERICAN GOLDEN-EYE. 

Migratory; rare. Occurs throughout the State, but never 
common. Breeds far north, but begins to migrate early. 
C. E. Aiken took one in southern Colorado at 9,000 feet on 
August 30, 1874. 


152. Clangula Islandica. BARROW’S GOLDEN-EYE. 

Resident; not common. ‘The distribution of Barrow’s 
Golden-eye in Colorado is rather strange. It is a northern spe- 
cies, coming south in the winter to Colorado, and then when 
spring returns quite a share of these winter birds remain to 
breed in the mountains. So there results the queer condition 
of a northern species breeding in the mountains almost at the 
extreme southern limit of its range. On the plains it is a rare 
migrant and winter visitant; in the mountains it has been found 
breeding throughout the whole western half of Colorado, usually 
at about 8,000 feet. Chas. F. Morrison has the following note 
concerning its occurrence: ‘‘’This species might almost be 
called a resident in southwestern Colorado. I can record its 
breeding in Dolores County, and have taken them all through 
the winter in the ponds below Fort Lewis.” (O. & O. XIII. 
1888, 165.) It nests in trees. There are no records of its ex- 
tending much east of the mountains far out on the plains, and 
it never has been taken in Kansas. 


153. Charitonetta albeola. BUrFrFLE-HEAD. 


Migratory; common. Occurs throughout the State in 
migration, and is likely to be found near any open water in the 
winter. Breeds far north. 


154. Harelda hyemalis. OLp-Souaw. 

Winter visitant; rare. A northern species coming south 
into Colorado in the late fall and winter. The only records 
come from the north central part of the state where G. F. 
Breninger writes that he found a dead bird on the shore of one 
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of the lakes near Fort Collins. J. B. Sibley shot a male and 
female on McKay Lake near Denver, November 13, 1802. 
(Deane, Auk, XII. 1895, 292.) 


155. Histrionicus histrionicus. HARLEQUIN DucK. 

Resident; not common. This is regularly a northern 
species, breeding far north and coming into Colorado in the 
winter as it does over the Mississippi Valley to the eastward. 
But a few remain to breed at about 10,000 feet in the mountains 
more particularly of western Colorado. C. F. Morrison says: 
“T believe it breeds in both the San Juan and La Plata coun- 
ties. * * * J have often seen it through the winter below 
Fort Lewis on the Ute reservation together with G. zslandica.”’ 
(O. & O. XIII. 1888, 165.) F. M. Drew gives it as breeding 
from 7,000 to 10,000 feet. (Auk, II. 1885, 11.) 


163 QOidemia americana. AMERICAN SCOTER. 

Winter visitant; rare. This and the next two are ‘Surf 
Ducks” that breed far north and come south in the winter, 
principally along the coast, but a few visit the larger inland 
waters. One would suppose them out of place in arid Colorado, 
but professional hunters expect to see a few of them each year. 
An American Scoter is in Mrs. Maxwell’s collection and G. F. 
Breninger writes that he found a dead one near Fort Collins. 


165. Oidemia deglandi. WHITE-WINGED SCOTER. 

Winter visitant; rare. G. F. Breninger reports the cap- 
ture of three specimens, one of which, taken November 3, 1890, 
is now in the cabinet of the State Agricultural College at Fort 
Collins. H.G. Smith reports four specimens as follows: one at 
Marston’s Lake, near Denver, October, 1887; one on Lee’s 
Lake, near Fort Collins, October 23, 1888; one taken by Wm. 
G. Smith, at Loveland; one at Sloan’s Lake, near Denver, 
October 16, 1890. (Nidologist, III. 1896, 48.) 


166. Oidemia perspicillata. SuRF SCOTER. 

Winter visitant; rare. Prof. Wm. Osburn writes that he 
saw one in the collection of Wm. G. Smith, taken at Loveland. 
H. G. Smith says that one was taken at Marston’s Lake, near 
Denver, October, 1887, in company with the specimen of O. 
deglandi mentioned above. (Nidologist, III. 1896, 48.) 


167. Erismatura jamaicensis. Ruppy DUCK. 

Summer resident; common. Occurs on both sides of the 
range in migration and during the breeding season is not un- 
common in the mountains up to 10,000 feet. East from the 
mountains it becomes less common in summer until along the 
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eastern border of Colorado it rarely nests, though still common 
in migration. It is rather late to arrive in the spring and the 
eggs are laid by the middle of June. 


169. Chen hyperborea. LESSER SNOW GOOSE. 


Migrant and winter resident ; not common. A few are 
seen during migration spring and fall along the plains east of 
the mountains. There is no record of their wintering on the 
plains though probably they are at least an occasional winter 
visitant to the open waters of southeastern Colorado. Twenty 
years ago Henshaw heard of them as wintering abundantly in 
the San Luis Valley. But they are much less common every- 
where in the Rocky Mountain region now than they were then. 
West and southwest of Colorado they still remain fairly abund- 
ant. Breeds far north. 


169a. Chen hyperborea nivalis. GREATER SNOW GOOSE. 


Migratory; rare. The eastern form, not coming regularly 
as far west as Colorado, being confined mostly to the Atlantic 
coast. A specimen shot by Pres. Z. X. Snyder east of Greeley, 
March 20, 1895, is a little longer than the greatest length given 
for ey Greater Snow Goose. This is the only certain Colorado 
record. 


171a. Anser albifrons gambeli. AMERICAN WHITE-FRONTED 
GOOSE. 


Migratory; rare. Probably the rarest Goose that regularly 
occurs in Colorado. A few have been taken in migration in 
eastern Colorado. 


172. Branta canadensis. CANADA GOOSE. 


Summer resident, rare except locally; winter resident, not 
common; in migration, common. ‘The most common Goose of 
the State. It might almost be called resident since there is no 
time in the year when there are not some in the State, 
but it is probable that the same individuals do not remain here 
throughout the year, those that breed in Colorado going farther 
south for the winter and their places being taken by those that 
nested further north. On the plains of eastern Colorado they 
are known only as migrants and winter residents. In the 
mountains they breed along the higher secluded lakes at about 
10,000 feet, especially in North Park, where Dr. Coues found 
them breeding in large numbers. (B. N. O. C. IIL. 1887, 51.) 
A few remain in southern Colorado through the winter and they 


are likely to appear irregularly anywhere east of the range ex- 
cept in the severest weather. 
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172a. Branta canadensis hutchinsii. HurcHins’s Goose. 

Migratory; common. Not quitesocommon as the Canada 
Goose and breeding only north of the United States. Passes 
through in migration spring and fall and a few may winter, 
since it has been taken as late as December. 


173. Branta bernicla. BRANT. 

Migratory; rare or accidental. An eastern species seldom 
coming so far west as Colorado. A specimen was shot by Capt. 
P. M. Thorne at Fort Lyon, April 11, 1883, and though it was 
not preserved there can scarcely be any doubt of the correctness 

of the identification. 


180. Olor columbianus. WHISTLING SWAN. 

Migratory; not common. In former years Swans were 
fairly common over much of western North America. Now 
they are rare anywhere but are still found in migration in Colo- 
rado. H.G. Smith mentions four cases of the occurrence of 
the Whistling Swan at various places in eastern Colorado and 
says he has heard of others. (Nidologist, III. 1896, 48.) 
One was shot from a flock of three at Fort Collins, March 16, 
1895 and preserved by a local taxidermist. 


181. Olor buccinator. ‘TRUMPETER SWAN. 

Migratory; rare. Apparently not so common as the last 
species. [here was a specimen in the Maxwell collection and 
H. G. Smith reports two instances that have come to his knowl- 
edge. It has never been known to breed in Colorado, though 
breeding but a little farther north in the Mississippi Valley. 
One was shot during the fall of 1896 near Fort Collins. 


183. Ajaja ajaja. ROSEATE SPOONBILL. 

Accidental visitant; two instances. A southern species 
not regularly occurring north of the Gulf States. In a letter 
dated June 17, 1888, T. M. Trippe, of Howardsville, Colo., 
writes to C. F. Morrison, as follows: “A Rosy Spoonbill was 
captured at Silverton, Colo., the other day. It was caught 
alive, but died in a day or two. It was a female in fine spring 
plumage.’”? (O. & O. XIII. 1888, 181.) H. G. Smith notes a 
specimen in very worn plumage August 8, 1890. Said to have 
been taken near Pueblo. (Nidologist, III. 1896, 65.) 


184. Guara alba. WHITE IBIS. 

Migratory; rare. A southern species, but once known to 
have been taken in Colorado, but since it has been taken at 
Great Salt Lake to the west and up the Mississippi Valley to 
South Dakota, its occurrence in Colorado may not be acci- 
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dental. The only record for Colorado is the one noted by 
H. G. Smith that was shot in 1890 at Barr Lake, east of Denver. 
(Nidologist, III. 1896, 65.) 


[185.] Guara rubra. SCARLET IBIS. 


Accidental. A tropical species that is recorded but four 
times from the United States. ‘The first three were found, one 
each, in Florida, Louisiana and Texas; the fourth and last in 
Colorado. A finely plumaged adult male was shot in the Wet 
Mountains, May, 1876. The mounted bird is still in the pos- 
session of Mr. Livesey, who until 1894 resided in Pueblo. This 
is the most wonderful record in the whole list of Colorado 
birds, but there is no doubt whatever of its correctness. ; 


187. Plegadis guarauna. WHITE-FACED GLossy IBIS. 


Summer visitant; rare. Though fairly common locally in 
New Mexico and Arizona, the Ibis seldom goes as far north as 
Colorado. H. G. Smith says that it is occasionally reported by 
sportsmen. He has examined three specimens from Marston’s 
Lake, near Denver, and one from Pueblo. Other specimens 
have been purchased in the Denver market. (Nidologist, 
III. 1896, 65.) P. B. Peabody reports one purchased at Colorado 
Springs and killed in that vicinity. (Nidologist, II. 1895, 
116.) ‘There was a specimen in the Maxwell collection, and 
Prof. Wm. Osburn writes that Wm. G. Smith of Loveland had 
one in his collection. From its occurrence in Colorado in the 
summer Mr. Ridgway concludes that it breeds in the State in 
the “marshes of valleys.’’ (Bull. Essex Institute, V. 1873, 174). 
The present writer knows of no nests that have ever been taken 
in Colorado. 


188. Tantalus loculator. Woop IBIs. 


Summer visitant; rare. There was a mounted specimen 
of this southern species in the Maxwell collection and this 
seems to be the basis for the earlier references to its occurrence 
in Colorado. When and where this specimen was taken can 
not now be learned. ‘There seems to be no authentic basis for 
a certain published statement that it breeds in Colorado, except 
the well-known fact that it ordinarily breeds throughout its 
range. Mr. C. KE. Aiken informs the present writer that he 
knows of two specimens that have been taken in Colorado. 


190. Botaurus lentiginosus. AMERICAN BITTERN. 


Summer resident; common. Occurs throughout the State, 
breeding from the plains to about 7,000 feet. Arrives late in 
April and begins laying by the middle of May. 
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19!t. Ardetta exilis. Least BirreRn. 

Summer visitant; rare. The only record for Colorado is a 
stuffed specimen now at Colorado Springs that was killed in 
the immediate vicinity. It-is a little strange that no more is 
known of this bird in Colorado. It isa common bird in Kan- 
sas and extends clear across to the Pacific Ocean, though less 
common west of the Rocky Mountains. Under these condi- 
tions it must be more common in Colorado than its record 
would indicate. 


194. Ardea herodias. GREAT BLUE HERON. 

Summer resident, not uucommon ; in migration, common. 
Occurs throughout the lower portions of the State seldom going 
much above 5,000 feet, but a few find their way into the mount- 
ain parks. Around Fort Collins it is a rather common breeder, 
all the nests being placed on the tops of the tallest cottonwoods 
on the banks of the Cache La Poudre. In other parts of the 
State it sometimes selects more lowly nesting sites. Arrives in 
northern Colorado early in April. 


197. Ardea candidissima. SNOwy HERON. 

Summer visitant; rare; not known to breed. At least 
seven specimens have been secured in Colorado and several 
others reported, representing both sides of the range, but all 
from the lower portions, not above 5,000 feet. 


198. Ardea rufescens. REDDISH EGRET. 

Summer visitant; rare or accidental; not known to breed. 
In the collection of C. E. Aiken, of Colorado Springs, there is 
a young bird of this species shot near that city. The bird is 
not young enough to indicate that it was hatched in the vicin- 
ity, but probably wandered north in the fall after having been 
reared much farther south. This is the only record for Colo- 
rado. 


202. Nycticorax nycticorax nevius. BLACK-CROWNED 

NIGHT HERON. 

Summer resident; not common and local; in migration, 
not uncommon. Since it occurs through most of the United 
States, this Heron probably will be found west of the range, 
but at present all of the records refer to the plains country east 
of the Rockies and not above 5,500 feet. It breeds throughout 
its range. ‘There is a heronry of this species a few miles from 
Fort. Collins. Six years ago it consisted of about fifty pairs; 
now it is reduced to about half that number. The nests are 
close together occupying less than half an acre on an island in 
the Cache La Poudre River. The eggs are laid about the first 
of June, the birds arriving the middle of April. 
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203. Nycticorax violaceus. YELLOW-CROWNED NIGHT 
HERON. 


Summer visitant; rare. A southern species coming casu- 
ally north to Colorado. Not known to breed. The only re- 
corded specimen is the one in Mrs. Maxwell’s collection and 
that is known to have been taken in Colorado, but where can 
not now be learned. 


204. Grus americana. WHOOPING CRANE. 


Migratory; rare. A Mississippi Valley species reaching 
its most western extension in Colorado at the western edge of 
the plains, where it was first recorded by C. E. Aiken who 
marks it as “‘seen occasionally in migration.’’ It has since 
been noted by Wm. G. Smith at Loveland and there is a very 
fine mounted specimen in the museum of the State Agri- 
cultural College at Fort Collins. Passes through during the 
first half of April. 


205. Grus canadensis. LITTLE BROWN CRANE. 


Migratory. Not enough material has yet been accumulated 
to give a satisfactory statement of the distribution of this bird 
in Colorado. All of the earlier records of ““G. canadensis” re- 
fer to the next species now called G. mexicana. It is certain 
that the Little Brown Crane occurs in Colorado in migration 
for Capt. P. M. Thorne has taken it at Fort Lyon and there is a 
mounted specimen at the Agricultural College at Fort Collins. 


206. Grus mexicana. SANDHILL CRANE. 


Summer resident; not uncommon locally; in migration, 
common; winter resident in the southern part of the State. 
The Rio Grande Valley in Colorado used to be the winter home 
of thousands of Cranes and even yet they are abundant enough 
in the fall to induce many parties to go to the San Luis Valley 
for the express purpose of hunting Cranes. They breed locally 
throughout their range from 5,000 to 7,500 feet. EF. M. Drew 
mentions that one of their breeding grounds is in Animas Park 
at 7,000 feet. (B. N. O. C. VI. 1881, 85.) They are also known 
to breed in Routt County. In the autumn they move higher 
up, having even been seen passing over above the highest 
mountain peaks of the State. In the San Luis Valley the mi- 
grating birds appear in large numbers about the middle of Sep- 
tember and remain until the first of November; they return in 
the spring any time between the first and twentieth of March, 
depending on the season, and leave about the first of May. If 


the Little Brown Crane occurs there it is not distinguished by 
the hunters from the Sandhill. 
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212. Rallus virginianus. VIRGINIA RAIL. 

Summer resident; not uncommon. ‘Though not often 
seen on account of its retiring habits, this species undoubtedly 
occurs in migration over ail the plains region of Colorado below 
5,500 feet. C. E. Aiken took the nest and eggs June 4, presum- 
ably in E] Paso County. It breeds near Loveland, according to 
Prof. Wm. Osburn, and a pair is now (June, 1896,) breeding a 
few miles from Fort Collins. 


214. Porzana carolina. Sora. 

Summer resident; common in suitable localities. One 
can scarcely go by a marshy spot in Colorado on a summer 
evening without hearing the note of this bird. It breeds 
throughout its range from the plains to 7,000 feet. More com- 
mon during the breeding season in the northern part of Colo- 
rado than in the southern. 


219. Gallinula galeata. FLORIDA GALLINULE. 

Summer visitant; rare; not known to breed. Colorado is 
rather out of the normal range of the Gallinule, but since it is 
found to the east, south and west of the State, its occurrence here 
can hardly be considered as accidental. ‘The only record. for 
Colorado is that of Allen and Brewster, who took one at Colorado 
Springs, May 9, 1883.°;(B. N.:O.-C.-VIIL 1883, 151.) 


221 Fulica americana. AMERICAN COOT. 

Summer resident, common; in migration, abundant. 
Breeds throughout the State in suitable places on the plains 
and in the mountain parks up to 8,o00 feet. Reaches northern 
Colorado the last of March. 


223. Phalaropus lobatus. NORTHERN PHALAROPE. 

Migratory; not uncommon. Breeds far north. Occurs 
throughout the State from the plains to well up in the mount- 
ains. F. M. Drew notes that “May 22, six were killed by 
flying against telegraph wires at Howardsville, Colo., at 9,500 
feet. Unless the flock turned back and retraced fifty miles of 
their course, they would have to cross the range at 12,000 feet.” 
(B. N. O. C. VI. 1881, 249.) They are usually found below 
8,000 feet. Mr. Aiken has taken them several times near 
Colorado Springs. ‘They cross the plains of northern Colorado 
the first half of May. 


224. Steganopus tricolor. WILSON’S PHALAROPE. 

Summer resident; not uncommon; in migration, common. 
The Wilson’s Phalarope is more common than the Northern, 
but there are no records of its occurrence in the mountainous 
parts of the State. It is a common breeder around the ponds 
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of northern Colorado below 6,000 feet, even within a few rods 
of cultivated ground. Eggs have been taken near Fort Collins 
on June 8. In southern Colorado it is known only as a migrant. 
Reaches northern Colorado the last of April. 


225. Recurvirostra americana. AMERICAN AVOCET. 


Summer resident; common. Most common on the plains, 
but occurs in the mountain parks up to 8,000 feet. Rather rare 
in western Colorado. Henshaw found them breeding abund- 
antly in the San Luis Valley, with nearly all the eggs hatched 
by June 21. In northern Colorado on the plains the eggs are 
mostly laid by the first week in June, the birds having come 
the middle of April. 


226. Himantopus mexicanus. BLACK-NECKED STILT. 

Summer resident; not uncommon. It is found at the same 
places and at the same time as the Avocet, but the order of 
abundance is reversed, the Stilt being more common west of 
the range though still occurring in eastern Colorado. Breeds 
at the same time as the Avocet from the plains to 8,000 feet. 


228. Philohela minor. AMERICAN WOODCOCK. 


Summer visitant; rare. Colorado marks the extreme 
western range of the Woodcock and it is found here only to the 
base of the foothills. The five known instances are all within 
50 miles of Denver. H.G. Smith reports one August 12, 1885, 
and one in October, 1885, within the city limits of Denver. He 
also reports that one was seen by Mr. John Bently during 
the fall of 1887 near Boulder and that one was recently shot 
near Fort Lupton. (Auk, III. 1886, 284 and Nidologist, III. 
1896, 65.) Dr. W. H. Bergtold, of Denver, writes that he saw 
one in Denver, June, 1895. Since the Woodcock breeds 
throughout its range and since it has been noted here in June 
and August, it is fair to presume that it breeds occasionally in 
Colorado, but no nests have as yet been found in the State. 


230. Gallinago delicata. WHuLSON’s SNIPE. 

__ Summer resident, rare; in migration, common; winter 
resident, rare. Found throughout the State in migration any- 
where below 10,000 feet, but more common on the eastern slope 
than the western. F. M. Drew found it breeding in San Juan 
County (B. N. O. C. VI. 1881, 85), and W. E. D. Scott found a 
few pairs breeding in June at Twin Lakes at over 9,000 feet. 
(B. N. O. C. IV. 1879, 90.) On the plains it is known only in 
migration and a few in winter. Aiken, Morrison and Bennett 
report 1t in winter, the first on the plains, the second at Fort 
Lewis, and the last in Routt County. It has been known to 


winter at open marshy springs even 150 miles north of Colorado 
in central Wyoming. 
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232. Macrorhampus scolopaceus. LONG-BILLED DOWITCHER. 


Migratory; not uncommon. Probably occurs throughout 
the lower regions of the State, though all the records are con- 
fined to the plains region east of the mountains. It is not un- 
common there in migration, passing through about the middle of 
April. Breeds far north, but a record of one taken by H. W. 
Henshaw at Denver, July 24, 1873, would lead one to suspect 
that it may yet be found breeding in the State. 


233. Micropalama himantopus. STILT SANDPIPER. 


Migratory; rare. Only found on the plains of eastern 
Colorado where it is occasionally met in spring migration in 
May and early June and less commonly in the fall. It has been 
reported by Capt. P. M. Thorne, from Fort Lyon, where he 
killed a female May 22, 1883, with the largest egg the size of 
No. 6 shot (Auk, IV. 1887, 264), by Prof. Wm. Osburn, from 
Loveland, by F. Bond, from Cheyenne, and by H. G. Smith, 
from near Denver. Breeds north of the United States. 


239. Tringa maculata. PECTORAL SANDPIPER. 


Migratory; common. Occurs throughout the State in 
migration, both on the plains and even up to 13,000 feet in the 
mountains (Morrison O. & O. XIII. 1888, 107), though of 
course less common at the higher altitudes. Breeds in the Arc- 
tic regions. 


240. -Tringa fuscicollis. WHITE-RUMPED SANDPIPER. 


Migratory; not uncommon. A bird of the plains finding 
its western limit at the base of the Rockies. It has been 
reported by Thorne, Breninger and Osburn. Breeds far north. 


241. Tringa bairdii. BAIRD’S SANDPIPER. 


Migratory; abundant. In fall migration this is one of the 
commonest of the Sandpipers, and is also common in spring. 
Breeds far north but returns early, entering the State again in 
the latter part of August. When moving northward it isa bird 
of the plains and the parks below 7,000 feet, but Trippe, Drew 
and Morrison agree that after the breeding season is over in 
August and September, it roams to the tops of the loftiest 
peaks, 13,000 to 14,000 feet, feeding on grasshoppers. Passes 
through during April and the first half of May. 


242. Tringa minutilla. LEAST SANDPIPER. 


Migratory; common. Arrives the latter part of April and 
is mostly gone by the middle of May. Is found principally 
on the plains and below 7,000 feet in the mountains. 


5 
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243a. Tringa alpina pacifica. RED-BACKED SANDPIPER. 

Migratory; rare. There are but three Colorado records for 
this species, which is found throughout North America. There 
was an adult in winter plumage in Mrs. Maxwell’s collection, 
and Wm. G. Smith took it at Loveland, April 29 and May 9. 
Breeds far north. 


246. Ereunetes pusillus. SEMIPALMATED SANDPIPER. 
Migratory; not uncommon. Arrives the last of April and 
first of May. Mostly on the plains and below 7,000 feet. 


247. Ereunetes occidentalis. WESTERN SANDPIPER. 

Migratory; rare. Should not be an uncommon species in 
Colorado, but so far has been reported but three times. Prof. 
Wm. Osburn writes that he shot one at Loveland, July 4, 1880, 
and another May 12, 1890. W. P. Lowe, of Pueblo, shot two on 
a lake near there in the fall of 1894. Wm. G. Smith took one 
at Loveland, May 9, 1890. Breeds far north. 


248. Calidris arenaria. SANDERLING. 

Migratory; rare. Though occurring over most of the 
world, it is quite rare on the plains region of the United States. 
Prof. Wim. Osburn reports three captures at Loveland, Septem- 
ber 24, 1889, September 30, 1889, and May 12, 1890. H. G. 
Smith saw one May 16, 1888, that had been taken a few days 
before at Sloan’s Lake, near Denver. There is a mounted spec- 
imen at the college at Fort Collins that was shot in the vicinity. 
Breeds far north. 


249. Limosa fedoa. MARBLED GODWIT. 

Migratory; not common. A bird of the plains not often 
seen; arrives about the first of May. Has once been taken in 
the mountains by C. E. Aiken at the San Luis Lakes, October 
I, 1874. Drew gives it as breeding on the plains, which it 
does in Nebraska, but there seems to be no record as yet of its 
nests being found in Colorado. 


254. Totanus melanoleucus. GREATER YELLOW-LEGS. 

_ Migratory; common. Found both spring and fall every- 
where in favorable localities below 7,000 feet. It is a little 
strange that neither the Greater nor the Lesser Yellow-Legs is 
know to breed in Colorado, since they both breed in Nebraska 
but a few miles from the northeast corner of Colorado. They 
reach northern Colorado about the first of April. 


255. Totanus flavipes. YELLOW-LEGS. 


Migratory; common Distribution and migration the 
same as that of the Greater Yellow-Legs but in most places not 
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quite so numerous. Capt. Thorne shot one at Fort Lyon July 
23, which would indicate that it nested not far distant. 


256. Totanus solitarius. SOLITARY SANDPIPER. 

Summer resident, not common; in migration, common. 
Occurs both on the plains and in the mountains. Arrives in 
April and most pass on to breed north of the United States, but 
a few remain to breed from the plains at the eastern base of the 
mountains up to 10,000 feet. 


258a. Symphemia semipalmata inornata. WESTERN 

WILLET. 

Summer resident; not uncommon. Rather common in 
migration on the plains, especially in the fall. In the spring it 
is most common from the first to the middle of May. Breeds 
throughout its range in favorable localities, but it is not a 
common breeder anywhere in Colorado and will not be found 
breeding at many places apparently well suited to its needs. 
Usually breeds from the plains to 7,000 feet, but occasionally 
much higher. 


261. Bartramia longicauda. BARTRAMIAN SANDPIPER. 

Summer resident, common; in migration, abundant. A 
bird pre-eminently of the plains, where it breeds abundantly; 
only rarely met west of the mountains. Arrives the latter part 
of April and extends into the mountains only to 6,000 feet. 


263. . Actitis macularia. SPOTTED SANDPIPER. 

Summer resident; abundant. It is strange to think of a 
Sandpiper nesting on the top of a mountain, but so far up as 
this species can find a pond or small lake, it will build its nest, 
even to 12,000 feet. In the fall it ranges above the pines to 
14,000 feet. It also breeds on the plains and at all intermediate 
altitudes. As abundant in Colorado as anvwhere. Arrives 
about the first of May; leaves the higher altitudes in August, 
and most of them leave the State in September. A few remain 
until far into the winter, if not through the entire cold season. 


264. Numenius longirostris. LONG-BILLED CURLEW. 

Summer resident; common. Arrives about the last of 
April and breeds in suitable localities on the plains. Occurs 
on both sides of the range, but only in the lower portions, usu- 
ally not above 5,000 feet. A few have been seen as high as 
7,500 feet. 


265. Numenius hudsonicus. HUDSONIAN CURLEW. 
Migratory; rare. All the records of this Curlew in Colo- 
rado come from the plains region east of the mountains, but as 
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it occurs over all of North America, it will probably yet be 
taken on the prairies of western Colorado. Arrives about the 
first of May and breeds far north. 

[266. Numenius borealis. Eskimo CURLEW. 


Migratory; rare. There is no reason to doubt that of the enormous 
flocks of this Curlew that pass over western Kansas, some occasionally enter 
Colorado; but to date there is no certain record of its capture in the State. It 
has been previously listed as a Colorado bird, but the record was based on error. ] 


270. Squatarola squatarola. BLACK-BELLIED PLOVER. 

Migratory; not common. Passes north through Colorado 
in May and returns in October. More common in fall than in 
spring. It is a bird of the plains below 5,000 feet. ‘There are 
eight recorded instances of its capture at Denver, Loveland and 
Fort Collins, and Mr. C. E. Aiken has taken it several times 
near Colorado Springs. Breeds far north. 


272. Charadrius dominicus. AMERICAN GOLDEN PLOVER. 
Migratory; not common. A few pass in the spring and fall 


over the plains region of Colorado below 5,000 feet. Breeds far 
north. 


273. Aegialitis vocifera. KILLDEER. 

Summer resident; abundant. One of the earliest migrants, 
arriving early in March and remaining until the last of Septem- 
ber and a few much later. Breeds abundantly on the plains 
and at the base of the foothills. Is less common in the mount- 
ains, but is far from scarce up to the pines at about 10,000 feet. 
The eggs are laid from the middle of May to the first of June. 


274. Fegialitis semipalmata. SEMIPALMATED PLOVER. 

Migratory; not common. Passes through Colorado on its 
way from its breeding grounds near the Arctic Circle to its 
winter habitation which is sometimes far south of the equator. 
One was shot by Harry Smith at Loveland, May 6, 1890, and the 
specimen is now in the collection of Prof. Wm. Osburn. ‘This 
is the only record to date for Colorado. 


281. Agialitis montana. MounvrAIN PLOVER. 


Summer resident; common. A bird of the plains rather than 
the mountains, but also found in the mountain parks and prai- 
Ties up to 8,000 and rarely to 9,000 feet. Is among the earliest 
spring arrivals, reaching central Colorado by the last of March 
to the first week in April. Eggs are laid the latter part of May 
to the middle of June. On the plains the young are hatched by 
the last of June; in the mountain parks newly hatched young 
can be found all through July. Breeds throughout its range. 
Leaves the state in the fall, the latter part of October. Its num- 
ber can be judged by the fact that in one day of August at Fort 
Lyon, Capt. Thorne shot one hundred and twenty-six birds. 
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283. Arenaria interpres. ‘[TURNSTONE. 


Migratory; rare. A few pass through Colorado on their 
way to and from their far northern breeding grounds. Accord- 
ing to H. G. Smith an adult was shot April 26, 1890, at Sloan’s 
Lake near Denver. (Nidologist, III. 1896, 95.) 


289. Colinus virginianus. BOB-wWHITE. 


Resident; somewhat common locally. ‘There is some dis- 
pute as to whether or not this should be called a native species 
in Colorado. It has been introduced at various places from 
Pueblo north along the foothills to Fort Collins near the Wyom- 
ing line. In many of these places it is quite common, being 
protected by law. There seems good reason to believe that all 
of the Quail along the foothills are the descendents of intro- 
duced birds. On the plains of eastern Colorado, near the Kan- 
sas line, the case is different. The birds are there beyond 
doubt, and though many of the original settlers are still there, 
no one knows of their having been introduced. ‘They are 
known to be native and common in western Kansas and enor- 
mously abundant in Indian Territory, but a few miles from 
southeastern Colorado, so that it is fair to presume that some of 
the Quail of eastern Colorado are native. Eastern Colorado is 
well adapted to their needs and if it was not for the cayotes 
that destroy their eggs and young, they would easily become 
numerous. Nearly all the Quail are confined to the plains and 
the foothills below 5,500 feet. A few years ago several pairs 
were turned loose in Estes Park at about 8,000 feet and occas- 
ionally are still heard from. They have also been introduced 
along the Arkansas River below La Junta and are prospering. 
They are certainly native on Bear Creek in the extreme south- 
eastern corner of Colorado. 


293. Callipepla squamata. SCALED PARTRIDGE. 


Rare or accidental visitant. A southern species coming 
north regularly only to southern Arizona and New Mexico. 
The first record for Colorado is the specimen taken by W. P. 
Lowe the first week in June, 1895, in the eastern foothills of the 
Wet Mountains. (Auk, XII. 1895, 298.) A. W. Anthony writes 
that he saw one in the shop of a taxidermist of Denver during 
the winter of 1892-3. It was freshly killed and said to have 
been taken on the Platte River east of Denver. 


294. Callipepla californica. CALIFORNIA PARTRIDGE. 

Resident; local. According to F. M. Drew this species 
has been introduced in the vicinity of Denver. (Auk, II. 1885, 
II.) 
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295. Callipepla gambeli. GAMBEL’S PARTRIDGE. 

Resident; rare. Known to occur only in southwestern 
Colorado, where C. F. Morrison shot three of them 4o miles 
southwest of Fort Lewis. Across the line in southern Utah 
and in Arizona they are common. 


297. Dendragapus obscurus. Dusky GROUSE. 

Resident; common in the mountains. Its only migration 
is a slight vertical one. Breeds from 7,000 feet to the border of 
timber-line, 4,000 feet higher. At the lower altitude the eggs 
are laid about the middle of May; at timber-line about June 1. 
Raises but one brood which is hatched about the middle of 
June. In August they begin to gather into flocks of ten to fif- 
teen individuals and visit the grain fields or the more open 
gulches and foothills for berries. In September they wander 
above timber-line to feed on grasshoppers, reaching 12,500 feet. 
In winter they come down into the thick woods during the 
severest weather, but many remain the whole year close to 
timber-line. 


300b. Bonasa umbellus umbelloides. GRAY RUFFED 

GROUSE. 

Resident; rare. So rare that the present writer has not 
yet been able to find a hunter who has seen it or even heard of 
it. Occurs mostly farther north, only a few coming as far south 
as Colorado. Is found from 7,000 to 10,000 feet; breeds among 


the pines just below timber-line and retires to the higher foot- 
hills in fall and winter. 


304. Lagopus leucurus. WHITE-TAILED PTARMIGAN. 
Resident; common. One of the most strictly alpine birds 
of the Rocky Mountain region. Fifty years ago the surveying 
parties of the Pacific Railroads found them breeding on the 
Snowy Range, and to-day the tourist who visits the highest 
peaks does not consider he has completed his sight seeing until 
he has been shown a family of Ptarmigan, or ‘‘ Mountain Quail” 
as they are commonly called. They breed entirely above timber- 
line from 11,500 to 13,500 feet, wandering to the summits of the 
peaks a thousand feet higher. Nesting begins soon after the 
first of June, and the young are hatched the early part of July. 
In southern Colorado eggs have been found as early as the first 
part of May. Only in the severest winter weather do they come 
down into the timber, usually to 10,000 feet, but occasionally to 
8,000. At that season the sexes are in separate flocks and sub- 
sist largely on willow buds. In the winter they are white 
changing to the darker mixed color in March and April; by the 
breeding season in June they have become so close in color to 
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the moss and rocks that they are apt to depend on this for 
safety and allow a very close approach. ‘The returning change 
to white begins in September and is completed in December. 


308b. Pediocztes phasianellus campestris. PRAIRIE 

SHARP-TAILED GROUSE. 

Resident; not common. ‘There are few parts of the State 
where the ‘‘Pin-tail” can now be called common. ‘T'wenty 
years ago it was plentiful in the northern half of Colorado on 
the plains and in the foothills up to 7,000 feet on both sides of 
the range. Even as late as ten years ago it was not uncommon 
throughout Larimer County. It can be said now to inhabit the 
same regions, but in such small numbers that its early extermi- 
nation is probable. A few are still found across the whole of 
northern Colorado from Nebraska to Utah and south on the 
plains to at least Burlington and the ‘“‘Divide’’ south of Denver. 
Formerly a few were found throughout the southern half of 
Colorado, but there are no late records of its occurrence south 
of the places named. So far as known the present small and 
scattered flocks of Sharp-tailed Grouse are strictly resident. 
When they were more abundant they used to perform a short 
migration in eastern Larimer County, moving into the foothills 
in the summer and coming down onto the plains in immense 
flocks in the fall. 

[Nore. It may be that the Sharp-tailed Grouse of Routt 
County are variety columbranus, but all the Colorado birds 
examined by the present writer are campesirts. | 


309. Centrocercus urophasianus. SAGE GROUSE. 

Resident; common. As its name implies, it is an inhabit- 
ant of the artemesia or sage-brush plains, and is scarcely found 
elsewhere. It inhabits these favorable localities throughout 
the State, but it is much more common in the northern than 
the southern half of the State. It is resident where found, 
except possibly at some of the higher points to which it moves 
during the summer. It winters from the plains to 7,000 feet, 
and regularly breeds to 8,000 feet. A few range in summer as 
high as 9,500 feet. 


310. Meleagris gallopavo. WILD TURKEY. 

Resident; rare, and will probably soon be exterminated. 
There still remains a doubt as to whether the eastern Wild 
Turkey is the variety that occurs in southeastern Colorado. A 
few years ago these birds were enormously abundant along the 
Arkansas River in Kansas and Indian Territory, hence it is fair 
to presume that any found along that river in Colorado would 
be the same variety especially if found on the plains east of the 
mountains. ‘Those taken by C. E. Aiken in this locality have 


‘ 


72 BIRDS OF COLORADO. 


been referred by Ridgway to this form (Bull. Essex Institute V. 
1873, 174) with the remark that this is the first Colorado record, 
This latter statement however is an error, for Lieut. Pike in 
his memorable journey through Coloradoin 1806, found Turkeys 
so abundant from about where Canon City now stands to the 
present city of Salida, that they formed a large part of the food 
of his soldiers. From other sources we know that they extended 
north along the foothills to within a few miles of the northern 
boundary of the state. One was taken on the Buckhorn in Lar- 
imer County as late as 1861. Turkeys still exist in Bent, Prow- 
ers, Baca and Las Animas Counties in southeastern Colorado. A 
flock of thirty was seen in 1883 on the Purgatoire River east of 
Trinidad and near the Spanish Peaks as late as 1890. During 
the winter of 1896-1897 they were seen in Bent County. 


310a. Meleagris gallopavo mexicana. MEXICAN TURKEY. 


Resident; rare, locally. There are a few Turkeys yet to 
be found in the wilder parts of southwestern Colorado and they 
are known to belong to the Mexican variety. Chas. F. Morri- 
son found them abundant ten years ago on the Rio los Pinos 
which runs through the Ute reservation in La Plata County. 
At an earlier date they were not uncommon along the southern 
boundary of Colorado from the front range westward. ‘They 
ascend the mountains only to 7,000 feet. 


312. Columba fasciata. BAND-TAILED PIGEON. 


Summer resident; local. Generally considered as a rare 
bird in Colorado, but on bringing together all of its records in 
the State, it is found to have been noted as follows: ‘‘Most 
abundant in southwestern part in scrub oak, feeding on acorns.” 
(Morrison.) ‘‘Breeds at Durango up to 7,000 feet.’? (Osburn.) 
West base of Spanish Peaks in September, and on September 
25 0n the Rio Grande at Del Norte. Had been there through 
the summer. (Henshaw.) “Abundant in the Wet Mountains 
west of Pueblo from 7,800 to 10,000 feet.” (Lowe.) This in- 
cludes what may be considered its regular range, i. e., from 
Cafion City west and south. Northeastward it has wandered 
nearly two hundred miles farther as these records will show. 
In the fall of 1887 John Bentley saw many of them at Dome 
Rock in Platte Cafion. The following summer he captured 
several, some of which were young birds evidently reared in the 
vicinity. (H. G. Smith.) Seen by my father near Morrison. 
(Anthony.) In 1820 it was first taken, described and named by 
Maj. Long’s Expedition on the South Platte at the ‘‘foot of the 
mountains” on a small tributary running north and south. 
This would make it not far from Denver. ‘The most northern 
record is that of V. L. Kellogg who saw a small flock in Estes 
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Park during the summer of 1889. (Trans. Kans. Acad. Science, 
XII. 1889-90, 86.) Breeds from 5,000 to 7,000 feet and occa- 
sionally higher. . 


316. Zenaidura macroura. MourNING Dove. 


Summer resident; very abundant. Arrives the last of 
March and the early part of April, begins laying early in May 
and fresh eggs have been found as late as August 12. Breeds 
everywhere below the pine region up to 10,000 feet, but rather 
rare above 8,000 feet. In the fall wanders upward to 12,000 
feet. Remains late in the fall even to the middle of December 
in Larimer County. 


319. Melopelia leucoptera. WHITE-WINGED DOVE. 

Accidental. ‘The only claim of this southern species to a 
place in the list of Colorado birds, rests on the following state- 
ment of Dr. Coues: “Mr. E. L. Berthoud informs me of its 
occurrence near timber-line (11,500 feet), on the head of Cub 
Creek, Jefferson County. He saw a dozen or more July, 1869.” 
(B. N. O. C. Il. 1877, 83). If this is not a case of mistaken 
identity, it is a strange case of wandering. 


325. Cathartes aura. TURKEY VULTURE. 

Summer resident; common. Occurs throughout the State 
and breeds from the plains to 10,000 feet. C. F. Morrison found 
one nest at 12,000 feet on the La Plata Mountains. Is most 
common on the plains along the base of the mountains. Arrives 
early in April and nests in the latter part of April and in May. 


327. Elanoides forficatus. SwWALLOW-TAILED KITE. 

Summer visitant; rare or accidental. The only record for 
Colorado is the one seen by Mr. C. E. Aiken, near Leadville, in 
August, 1871. This is a bird of the plains, not coming regularly 
west of middle Kansas. It would not be surprising to find it 
occasionally in southeastern Colorado, but its occurrence west of 
the range, and at 11,000 feet, is purely accidental. 


329. Ictinia mississippiensis. MisstssIpp1 KITE. 

Accidental. G. F. Breninger writes me that there is a 
mounted specimen at Denver that was taken at Trinidad. It is 
rare in eastern Kansas and common southward. 


331. Circus hudsonius. MArsu Hawk. 

Resident; common. Is most common in migration, but is 
still common as a breeder and a few remain through the winter. 
On the plains it is one of the most common Hawks. In the 
mountains it breeds up to 10,000 feet, and in the fall has been 
seen as high as 14,000 feet. Spring migration begins early in 
March. It winters on the plains to the northern boundary of 
Colorado. 
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332. Accipiter velox. SHARP-SHINNED HAWK. 

Resident; common. In migration is common throughout 
the State, and breeds throughout its range, but much more 
commonly in the mountains than on the plains. Breeds up to 
10,000 feet. C. F. Morrison took a set of eggs at Fort Lewis, 
Tune 22, 1886. 


333. Accipiter cooperi. COOPER’S HAWK. 

Resident; common. Breeds both on the plains and in the 
mountains to about 9,000 feet. Along the main range of the 
mountains it is not so common as the Sharp-shinned Hawk. 
Dennis Gale found eggs at Gold Hill June 25 and young July 2. 


334. Accipiter atricapillus. AMERICAN GOSHAWK. 
Resident; not uncommon. Is rather more common in 
winter than in summer. In winter it occurs throughout the 
State below 9,500 feet; in summer the few that remain are 
restricted to the mountains, breeding from 9,000 to 10,000 feet. 


334a. Accipiter atricapillus striatulus. WESTERN GOSHAWK. 

Winter visitant; rare, if not accidental. Most of the nu- 
merous records of the occurrence of the Western Goshawk in 
Colorado really refer to the eastern form, which is the common 
Goshawk of this State. "The only certain record of the western 
form is that of Prof. Wm. Osburn, who says: “A male of this 
species was captured at Arkins, February 26, 1889, and a female 
at the same place, March 5. ‘The male was much darker than 
the female with finer markings on the under parts, correspond- 
ing to the description of variety strzatulus.’? (Science, XXII. 


1893, 212.) This is the Pacific Coast Goshawk coming east 
regularly to Idaho. 


337a. Buteo borealis kriderii. KRIDER’S HAWK. 

Resident; not uncommon. ‘There is a slight question yet 
as to the distribution of the three varieties of Red-tailed Hawks 
that occur in Colorado. It has been taken for granted that all 
the records of typical dorealds for Colorado should be referred to 
some of the other forms, though it is not unlikely that it may 
rarely visit the extreme eastern portion of the State. There 
can be no doubt that Krider’s Hawk occurs on the plains in 
Colorado during migration, and the present writer feels sure 
that the record of its nesting there is also correct. F. M. Dille 
teports that it nests on plains and large cliffs; one nest in Weld 
County was taken May 24. Of the occurrence and breeding of 
Krider’s Hawk in the mountains there is more question. It 
probably does occasionally visit the eastern foothills of the main 


range, but there is as yet no unquestionable record of its nest- 
ing above 6,000 feet. 
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337b. Buteo borealis calurus. WESTERN RED-TAIL. 

Resident; abundant. Is the common Rocky Mountain 
form overlapping the range of Krider’s Hawk and breeding 
from the plains to 12,000 feet in the mountains. Is one of the 
most common hawks of the State through the summer and not a 
few spend the winter in Colorado. 


337d. Buteo borealis harlani. HARLAN’s HAwK. 

_ Winter visitant; rare. One specimen taken by C. E- 
Aiken at Colorado Springs. (Ridgway, Auk, II. 1885, 165.) 
One was probably taken by Capt. P. M. Thorne at Fort Lyon. 


339b. Buteo lineatus elegans. RED-BELLIED HAWK. 
Migratory; rare. Included in the list of Colorado birds 
on the strength of the following note from Geo. F. Breninger: 
“I saw one at Table Rock, a full plumaged bird with the breast 
to me; saw one at Fort Collins. I have handled them here 
in California and there is not the least doubt in the matter.” 


342. Buteo swainsoni. SWAINSON’s HAWK. 


Resident; common. More common on the plains than in 
the mountains. Breeds throughout the State everywhere 
below 11,000 feet. Begins building its nest the last of April, 
eggs are laid the middle of May and the young appear early in 
June. Sometimes very abundant locally. A.§S. Bennet of Lay, 
Colo., says he saw a flock of five hundred July ro, 1889. 


347a. Archibuteo lagopus sancti-johannis. AMERICAN 
ROUGH-LEGGED HAwk. 
Winter resident; not uncommon. Arrives from the north 
in November and remains until March. Is usually found in the 
lower parts of the mountains and on the plains. 


348. Archibuteo ferrugineous. FERRUGINOUS ROUGH-LEG. 

Resident; rather common. Breeds both in mountains and 
on plains, but in the winter is mostly confined to the plains 
and the lower streams below 6,000 feet. Breeds at least as far 
south as Pueblo and thence to British America. Eggs have 
been taken in Colorado as early as April 13, and well-grown 
young by May 24; but three to four weeks later than these dates 
is the more common time. 


349. Aquila chrysaétos. GOLDEN EAGLE. 

Resident; common in favorable localities. In few, if any, 
parts of the United States is the Golden Eagle more common 
than in the more mountainous portions of Colorado. They 
breed from the foothills to at least 12,500 feet. In the winter 
they wander occasionally over the plains, but are also found in 
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the mountains to 11,000 feet. The nest is repaired for the 
season about the first of March, and the young are hatched about 
three months later. 


352. Halizetus leucocephalus. BALD HAGLE. 

Resident; fairly common. Mostly in the mountains in the 
summer time and on the plains during the winter. Breeds in 
the mountains to 9,000 feet and occasionally higher; breeds less 
commonly on the plains. Capt. Thorne found a nest with two 
young, June 12, near Fort Lyon on the Arkansas River. 


355. Falco mexicanus. PRAIRIE FALCON. 

Resident; not uncommon. Breeds from the plains to 
10,000 feet. In some of the more open portions of western Colo- 
rado it is quite numerous. Nearly all leave the State in the 
winter, returning in March and April. The eggs are laid in 
May. 


356. Falco peregrinus anatum. Duck HAwkK. 


Resident; not uncommon, locally. Has been reported 
from many places in the State. W. P. Lowe found the nest and 
young in St. Charles Cafion, near Pueblo, during the summer 
of 1895. Dennis Gale took a set of eggs on the Poudre River, 
April 30, 1889. Others report it as breeding up to 10,000 feet 
in the mountains. 


. 


357. Falco columbarius. PIGEON HAWK. 


Summer resident; rather uncommon; in migration fairly 
common; a few remain through the winter in the lower por- 
tions. The eggs have been taken in various parts of the State, 
from the plains to about 9,000 feet, but more commonly from 
8,000 to 9,000. Eggs are laid about the first of June. 


358. Falco richardsonii. RICHARDSON’S MERLIN. 

Summer resident; rare; in migration not uncommon. 
There are several references to its breeding in the State, as it 
undoubtedly does, but this seems to have been inferred from its 
being seen here in summer rather than from its nest and eggs 
having been actually taken. Drew states that it breeds from 
the plains upward. It has been taken in summer as high as 
11,000 feet. In migration occurs throughout the State. 


360. Falco sparverius. AMERICAN SPARROW HAWK. 


_ Resident; abundant. ‘The most common hawk from the 
plains to 11,000 feet. In mild winters, like that of 1895-6 
quite a number remain throughout the lower portions of the 
state, but the bulk winter farther south, returning early in 
March. Eggs are laid the latter part of April and fully fledged 
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young are around by the middle of July. Breeds from the 
plains to 11,500 feet and in the fall ascends to the highest peaks, 
feeding on mice and grasshoppers. 


364. Pandion haliaétus carolinensis. AMERICAN OSPREY. 

Summer resident; not uncommon, locally. W. E. D. 
Scott found a pair breeding at Twin Lakes at about 9,000 feet. 
(B. N. O. C. IV. 1879, 90.) It is said to begin laying the last 
of April, but Mr. Scott found eggs as late as the middle of June. 
Has been taken in the fall as high as 10,500 feet. 


365. Strix pratincola. AMERICAN BARN OWL. 

Resident; very rare. ‘The only record for Colorado is the 
one mentioned by H. G. Smith as caught in the Town Hall of 
South Denver. (Nidologist, III. 1896-7, 76.) A southern spe- 
cies rarely coming so far north as Colorado. ‘The above record 
of “resident’’ is made not so much from the instance cited, as 
from its general distribution and the fact that it has been found 
breeding in Nebraska near the Colorado line. 


366. Asio wilsonianus. AMERICAN LONG-EARED OWL. 

Resident; conmon. Winters from the plains to 10,000 
feet and breeds from the plains to 11,000. Eggs are laid early 
in April. 

367. Asio accipitrinus. SHORT-EARED OWL. 

Resident; not common. Much less common than the 
Long-eared and nearly confined to the plains. The highest 
record is a little below 8,000 feet. Breeds throughout its range 
in Colorado, but rather more common in summer in northern 
than southern Colorado. Begins laying in April. 


369. Syrnium occidentale. SPOTTED OWL. 

Resident. There is no reason to doubt the occurrence of 
this species in the State, but its record for Colorado is badly 
mixed. All Colorado records are known to be incorrect except 
the statement by H. G. Smith that C. H. Aiken has taken sev- 
eral Owls of this species. (Auk. III. 1886, 284.) Though the 
correctness of this statement has been challenged, yet Mr. 
Aiken has lately informed the present writer that there can be 
no question of the identification. 


372. Nyctala acadica. SAW-WHET OWL. 

Resident; not uncommon. Occurs throughout the State 
below 8,000 feet, but all the records of breeding come from the 
mountains between 7,000 and 8,000 feet. Eggs are laid the 
latter part of May. H. G. Hoskins writes that he found one at 
Beloit, near the Kansas line, April 9, 1894. H. G. Smith 
records three cases in the vicinity of Denver. ‘ 
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373. Magascops asio. SCREECH OWL. _ 

Resident; rare. ‘The western range of aszo and the eastern 
extension of maxwellie and azkeni have not been satisfactorily 
determined. Aszo is the common form of western Kansas and 
western Nebraska, and maxwellie is the common form of the 
foothills and extending at least thirty miles out on the plains. 
Between these known points lie nearly two hundred miles of 
plains, which form an unknown land so far as Screech Owls 
are concerned. That aszo does sometimes come into Colorado 
is proved by the capture of one in the mottled phase near 
Greeley, as reported to the present writer, by Pres. Z. X. Snyder. 
According to Capt. P. M. Thorne, there is a Screech Owl in- 
habits the timber along the Arkansas River at Fort Lyon. No 
specimens were obtained. It must be either aszo or azkenz, and 
of the two it is more likely to be aszo. 


373e. Magascops asio maxwelliz. Rocky MOUNTAIN 

SCREECH OWL. 

Resident; common. According to present ideas this form 
occurs in the mountains of Colorado from the central part of 
the State northward, and from the foothills to about 6,000 feet. 
It has been reported breeding from Denver, Boulder and Love- 
land. Eggs are usually laid about the middle of April, but 
have been found as early as the first of April and as late as the 
last of May. V.IL. Kellogg records it as a rare visitant at 
Lamb’s ranch in Estes Park. (Trans. Kans. Acad. Science, XII. 
1889-90, 86.) This ranch has an altitude of nearly 9,000 feet. 


373g: Megascops asio aikeni. AIKEN’S SCREECH OWL. 

Resident. Type from El] PasoCounty. E. M. Hasbrouck, 
in summarizing the records of this species, says that it probably 
does not occur north of Dougias County anywhere in Colorado. 
It is a bird of the more open country along the foothills of the 
Rocky Mountains, south to central New Mexico and northeastern 
Arizona. Apparently not found below 5,000 feet nor above 
9,000. Hasbrouck refers to this variety, Morrison’s ‘“‘ Mccalli,” 
from La Plata County. (Auk, X. 1893, p. 250.) W. P. Lowe, 
of Pueblo, writes that a Screech Owl, presumably this variety, 


is rather common in the foothills of the Wet Mountains and that 
he once found it breeding at 7,800 feet. 


374. Megascops flammeola. FLAMMULATED SCREECH OWL. 

Resident; rare. The rarest owl in Colorado, if not in 
the United States. All the known specimens from Colorado 
have been taken along the main front range of the Rocky 
Mountains, from Estes Park to the San Luis Valley. The first 
record for Colorado is the specimen in the Maxwell Collection 
taken at Boulder, in March of some year previous to 1876, 
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(Ridgway, Field and Forest, II. 1876-77, 195 and 208). The 
second, by C. KE. Aiken, at Poncha Pass, Fremont County, June 
I5, 1875, and the nest with one egg, being the first nest of this 
species known to science. (Deane, B. N. O. C. IV. 1879, 188.) 
The third was shot by Dr. Walbridge, at Mosca Pass in the San 
Luis Valley, the third week in August, 1879. (Ingersoll, B. N. 
O. C. V. 1880, 121.) The fourth was found dead in 1883 in the 
same place where Dr. Walbridge took hisspecimen. ‘The fifth, 
by C. E. Aiken, in nestling plumage, about the middle of Sep- 
tember, 1883, near Colorado City, at an altitude of 7,500 to 8,000 
feet. (Fourth and fifth specimens, Brewster B. N. O. C. VIII. 
1883, 123.) The sixth, seventh and eighth, by W. G. Smith; 
in Estes Park, one June 2, 1890, a female and nest with three 
fresh eggs, at 10,000 feet; one June 4 at the same altitude, a 
female, nest and two fresh eggs; one June 20, a female, nest and 
four partly incubated eggs at 8,000 feet. (O. and O. XVI. 1891, 
27.) The ninth, by Evan Lewis, near Idaho Springs, June 7, 
1890, a nest with three eggs at 8,700 feet. (Bendire, Life Histories 
N. Am. Birds, 1892, p. 375.) The tenth was taken July 17, 
1884, near Evergreen P. O., Jefferson County. (H. G. Smith, 
Auk, X. 1893, 364.) In addition to these only six other speci- 
mens are known from the rest of the United States, and there 
are no records of its breeding anywhere but in Colorado. ‘There 
is a specimen in the National Museum at Washington that 
bears the date June 10, 1890 and was taken in Estes Park by 
W. G. Smith. It is presumably one of the three mentioned 
above, but it cannot now be learned which one it is. Mr. Dennis 
Gale writes that he took one twelve miles from Gold Hill in 
the direction of Estes Park. This makes the eleventh specimen 
for Colorado. Of these eleven, seven have been taken in Boul- 
der County or vicinity. 


375a. Bubo virginianus subarcticus. WESTERN HORNED 
WL. 

Resident; common. Not enough material has accumu- 
lated to define the range of the different forms of the Horned 
Owl in Colorado. ‘The following statements are given with the 
knowledge that they are far from complete and quite lable to 
error. But they seem to be the best explanation that can be 
given of the known facts. ‘The second edition of the A. O. U. 
Check List gives swbarcticus as the only form breeding in Colo- 
rado, confining arctzcus during the summer to Arctic America, 
with a southern migration in winter to Montana and Wyoming. 
The earlier writers went to the opposite extreme and referred 
all Colorado birds to arctzcus. The present writer is inclined to 
accept the theory that swbarctzcus is the form of the lower por- 
tions of the State, breeding commonly along the timbered river 
bottoms. How far this form extends into the mountains is not 
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now known. ‘There certainly is a Horned Owl that breeds in the 
mountains even up to 11,000 feet, and either this or some closely 
related form is found in winter nearly to the limit of trees. It 
is probable that these winter birds belong to both swbarctecus 
and arcticus, and that the summer birds are principally, if not 
entirely, szdarctzcus, though largely partaking of the character 
of both forms. 


375b. Bubo virginianus arcticus. ARcTIC HORNED OWL. 


Winter visitant; not uncommon. ‘That this variety occurs 
in Colorado at any time in the year has been often denied. All 
doubts on the subject were lately settled by a specimen that Mr. 
C. E. Aiken lately sent to the present writer and which has 
been identified by Mr. Ridgway as undoubtedly a@rctzcus. Mr. 
Aiken writes about these: birds, that there was “‘an owl I had 
mounted twelve or fourteen years ago which I called arctzcus. 
That specimen was a little more white and probably nearer the 
type than the present one. Both birds were brought to me by 
boys who had killed them near town [Colorado Springs,] but 
whether in the mountains or along the creek below town I can- 
not say. We havea flight of the lighter marked owls late in 
the fall, quite regularly, but I think the two under consideration 
are the only ones I have seen quite so light. I think both these 
birds were killed in November.” Writing some years ago about 
arcticus, Mr. C. F. Morrison says: ‘‘ This is the variety to which 
I refer the mountain specimens, they showing as much differ- 
ence from the plains specimens of swbarcticus as my Montana 
birds do, and in some cases even lighter. Do not know just 
where to draw the line, but I think true arctzcus will be found 
as far south as the southern border of the State in the main 
chain of the Rockies.” Prof. Wm. Osburn says that one he has 
referred to this variety was shot in the mountains near Love- 
land November 29, 1890. It was nearly white. 


[375¢c. Bubo virginianus saturatus, Dusky HorNED OWL. 


Resident; not common. In time the above record of this variety will 
probably be shown to be correct, but at the present time it is hardly a scientific 
statement It has been but once formally stated as occurring in Colorado 
(Fisher, Hawks and Owls of the U. S., 74), and that is based on a misquotation, 
the birds having been found in Arizona instead of Colorado. Moreover all 
writers on Colorado birds agree that the Horned Owls of the mountains are a 
light colored race showing a tendency toward arcticus instead of saturatus. 
Nevertheless it is almost certain since the variety has been found common a few 
miles from the southwest corner of Colorado that it does really inhabit the 


higher mountains in the coniferous forests | 
376. Nyctea nyctea. Snowy Ow1. 


Winter visitant; rare. More than a score of cases are 
eae of its occurring in winter on the plains and the lower 
oothills of eastern Colorado to about the central part of the 
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State. It was unusually common around Denver during the 
winter of 1886-7. One was captured alive near Fort Collins in 
the early winter of 1896-7. . 


378. Speotyto cunicularia hypogeea. BURROWING OWL. 

Resident; abundant locally. Breeds from the plains to 
8,000 feet regularly, less commonly to 9,000 feet and only occas- 
ionally seen at 10,000 feet. It is found clear across the State to 
Utah. Begins laying the latter half of April and eggs have 
been found in northern Colorado as late as the first of July. 
The Burrowing Owl is a partial migrant in northern Colorado 
and in the higher altitudes, but there is need of more precise 
knowledge concerning its movements. 


379. Glaucidium gnoma. PycGmy OWL. 

Resident; rare. Occurs throughout the whole State west 
of the foothills, but no records as yet for the plains, except the 
single specimen taken in winter at Loveland by W. G. Smith, 
and that was but ten miles from the foothills. Mr. Smith also 
found the nest, with just hatched young, May 31, 1890, in Estes 
Park, at 10,000 feet, while in the extreme southwestern part of 
the State, at 1,000 feet lower, C. F. Morrison found four nests 
with eggs the first half of June, 1886. W. P. Lowe reports it 
as common in the Wet Mountains from 7,800 to 10,000, while 
E. B. Darnall writes that it occurs in Routt County in north- 
western Colorado, below 6,000 feet. One was taken at Denver 
by H. G. Smith, February 18, 1888, and one during the winter 
of 1888-9 near Durango. 


382. Conurus carolinensis. CAROLINA PAROQUET. 

Formerly resident. The only record for Colorado is that 
of E. L. Berthoud, who wrote to Dr. Coues: “I saw the Caro- 
lina Parrot at this place (Golden) and at Denver on the Sout 
Platte in 1860-61, and on the Little Thompson River, Colorado, 
in 1862. I have also seen it near old Fort Lyon, on the Arkau- 
sas River. (Coues, B. N. O. C. 1877, 50.) 


385. Geococcyx californianus. ROAD-RUNNER. 

Resident; not common. Has been recorded along the 
southern border of Colorado from the extreme southeastern to 
the extreme southwestern corner. Its first Colorado record was 
by C. E. Aiken from E] Paso County, and that still remains as 
the most northern record. "There was a specimen in Mrs. Max- 
well’s collection at Boulder, but it probably was taken in south- 
ern Colorado. Breeds throughout its range. Rarely found 
above 5,000 feet, but W. P. Lowe writes that he once saw one 
at 8,000 feet in the Wet Mountains. According to Henshaw 
the young hatch the last of July. 


6 
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387. Coccyzus americanus. YELLOW-BILLED Cuckoo. 

Summer visitant; rare. ‘The only claim this species has 
for admission to the list of Colorado birds is the statement by 
Major C. Bendire that it extends “casually to eastern Colorado.” 
(Life Hist. N. Am. Birds Part II, 19.) It is probably now too 
late to ascertain the foundation for this statement. It must be 
rare in Colorado for all the specimens taken at Fort Lyon, 
only a few miles from the eastern boundary of the State, are 
occidentalis. 


387a. Coccyzus americanus occidentalis. CALIFORNIA 

CucKoo. 

Summer resident; not uncommon locally. Occurs through- 
out the State, below 8,000, but most common on the edge of 
the plains. Specimens taken almost to the Kansas line are 
found to be this variety. Breeds throughout its range in 
Colorado. 


388. Coccyzus erythrophthalmus. BLACK-BILLED CUCKOO. 

Migratory; rare. There is a mounted specimen in the 
museum of the Agricultural College at Fort Collins, taken near 
there on June 11, by G. F. Breninger. Prof. Wm. Osburn writes 
that he took one at Loveland, at which place one was also 
taken by W. G. Smith. These are all the present records for 


Colorado, though it probably some time will be found here 
breeding. 


390. Ceryle alcyon. BELTED KINGFISHER. 

Resident; common. Breeds throughout the State, from 
the plains to 10,000 feet, although it is more common on the 
lower streams. A few remain even during severe winters 


aoe the foothills almost to the northern boundary of the 
tate. 


393d. Dryobates villosus hyloscopus. CABANIS’s Woop- 
PECKER. 
Resident; common. Breeds from the plains to 11,000 
feet and winters at almost as great an elevation. But the 
larger number breed among the pines in summer time and tre- 


Hie to lower altitudes for the winter. Eggs are laid early in 
ay. 


394. Dryobates pubescens. Downy WOODPECKER. 
Visitant; rare, if not accidental. Included among Colo- 
rado birds on the strength of the note of Maj. Bendire that it 
extends “irregularly to Colorado.’? (Life Hist. N. Am. Birds, 
part II. 55.) It is probable that this statement is based on the 
geographical range for this species as given in Ridgway’s Man- 
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ual, “Northern and Eastern North America and sporadically 
Western North America (Colorado, California, etc.).” The 
birds there referred to by Mr. Ridgway as being found in the west 
are now considered by him as belonging to homorus. As the 
authority for Maj. Bendire’s remarks cannot be now learned 
they are entered here to call attention to the record. 


394b.  Dryobates pubescens homorus. BATCHELDER’S 

WOODPECKER. 

Resident; common. Hardly as common in Colorado as 
its eastern representative is in the Mississippi Valley and much 
less common than Cabanis’s Woodpecker. ‘To this form are 
now referred all Colorado birds. It ranges in winter from the 
plains to 10,000 feet and breeds from the plains to 11,500, but 
1s more common at the higher altitude in summer and at the 
lower in fall and winter. 


396. Dryobates scalaris bairdi. TEXAN WOODPECKER. 

Resident; rare and local. It is rather strange that this 
bird should have been overlooked by previous collectors, as W. 
P. Lowe writes that it occurs regularly in Pueblo and Huerfano 
Counties. More commonly seen in spring and fall and oc- 
casionally an old bird in winter. Mr. Lowe has taken several 
of the birds and the skins have been positively identified, so 
there can be no doubt of its occurrence as he states. This is 
the first and only Colorado record for the bird and carries its 
known range over three hundred miles to the eastward. 


401b. Picoides americanus dorsalis. ALPINE THREE-TOED 

WOODPECKER. 

Resident; not common. ‘Throughout the mountains from 
about 8,000 to 12,000 feet. Occasionally a few feet lower, but 
remains even in winter in the pine belt chiefly at about 10,000 
feet. It is not common anywhere but is scattered quite gen- 
erally through the mountains. D. D. Stone found a nest with 
five young birds near Hancock, July 10, 1883, at about 10,000 
feet. (O. & O. IX. 1894, 9 and 10.) 

402. Spyrapicus varius. YELLOW-BELLIED SAPSUCKER. 

Migratory; rare. The eastern variety scarcely coming west 
to the Rocky Mountains. It was taken by C. E. Aiken, pre- 
sumably in El Paso County, and there is a single specimen in 
the Maxwell Collection. 


402a. Sphyrapicus varius nuchalis. RED-NAPED Sap- 

SUCKER. 

Summer resident; common. Breeds from the plains to 
12,000 feet, but the great bulk of nests are made between 8,000 
and 9,000 feet. Arrives in April but eggs are not found until 
the first half of June. 


84 BIRDS OF COLORADO. 


404. Sphyrapicus thyroideus. WILLIAMSON’S SAPSUCKER. 

Summer resident; common. Breeds from.5,000 feet to the 
upper limit of the pines. In southern Colorado is most com- 
mon from 9,000 to 10,000 feet; in northern Colorado from 6,000 
to 9,000 feet includes the great bulk of the birds. Arrives the 
first week in April and eggs are laid the last half of May. 


405. Ceophlceus pileatus. PILEATED WOODPECKER. 

Resident; very rare. The A. O. U. Check List gives its 
geographical distribution as “Formerly the heavily wooded 
region of North America south of about Lat. 63°, except in the 
southern Rocky Mountains ; now rare or extirpated in the more 
thickly settled parts of the Eastern States.” That it is rare in 
the Rocky Mountains of Colorado is certain, and it is not sure 
that it occurs there at all. F. M. Drew says that in southwest- 
ern Colorado ‘“‘I have been told of a great big woodpecker and 
from the description think it is this bird.” (B. N. O. C. VI. 
1881, 85 and 138.) H.G. Hoskins writes that while passing 
Tuttle Ranch he saw a large crested Woodpecker that he took 
to be this species. ‘Tuttle Ranch is only a few miles from the 
Kansas line and as this species is known to occur only a little 
farther east, it is probable that Mr. Hoskins’ identification is 
correct. 


406. Melanerpes erythrocephalus. RED-HEADED WOoOop- 
PECKER. 
Summer resident; common. Breeds on the plains and up 
to 10,000 feet. Rather more common on the plains than in the 
mountains. One of the latest migrants, not reaching northern 


Colorado until the last week in May. Eggs are not laid until 
late in June. ° 


408. Melanerpes torquatus. LEwIs’s WOODPECKER. 
Resident; common. Winters from the plains to the lower 
foothills and breeds from the edge of the plains to about 8,000 
feet. Regularly passes but a few miles out on the plains, but 
has been taken in Finney County in southwestern Kansas, 
April 23, 1893, and Capt. P. M. Thorne saw two at. Fort Lyons 
on the Arkansas River. A very characteristic bird of the lower 
foothills and has been seen as high as 10,000 feet in southern 
Colorado, though probably does not breed above 9,000 feet. 
Performs a slight southward migration, but most of its move- 


ments are merely to retire a few feet lower during the winter 
season. Breeds late in June. 


409. Melanerpes carolinus. RED-BELLIED WOODPECKER. 


Summer visitant; rare, if not accidental. A southern and 
eastern species not regularly occurring farther west than central 
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Kansas. One was taken by C. E. Aiken, and there are both a 
male and a female in the Maxwell Collection. In 1895, Pres. 
Z. X. Snyder saw one near Greeley. 


412. Colaptes auratus. FLICKER. 

Migratory; rare. The eastern form. only extends west 
across the plains to the foothills and there is no record of its 
breeding, though a few may winter. Taken by Capt. Thorne 
at Fort Lyons, December 10, 1883, and by Prof. Osburn at 
Loveland during the fall migration, September 24, 1889. One 
was taken by the Pacific Railroad surveying parties on the 
South Platte. 


413. Colaptes cafer. RED-SHAFTED FLICKER. 

Summer resident; abundant. Breeds from the plains to 
12,000 feet and is almost as:common at 11,000 feet as on the 
plains. An early migrant reaching northern Colorado by the 
first week in April and in mild winters, like that of 1895-6, 
remains all winter throughout the plains region. Even in the 
severest winter a few linger in the State. Eggs are laid from 
the last of May on the plains to the middle of June in the 
mountains. Most of the birds leave the mountains early in 
November, and the State by the first of December. 


418. Phalznoptilus nuttalli. POOR-WILL. 

Summer resident; common. Breeds on the plains and in 
the mountains to at least 8,000 feet, while it has been noted as 
high as 10,000 feet in the mountains of southern Colorado. 
Arrives about the middle of May and the eggs are laid the latter 
part of June. Remains in the fall until October. 


418a. Phalznoptilus nuttalli nitidus. FROSTED POOR-WILL. 

Summer resident; rare. . In his original description of this 
variety, Mr. Brewster says that Colorado birds are true xudtallz, 
and this is of course true for the great bulk of the birds all 
over the State. But in southeastern Colorado xuttalli becomes 
mixed with zztzdus. Of three specimens taken by Capt. Thorne 
at Fort Lyon, Mr. Brewster marks two as typical nad‘a/z and 
the other as not typical and nearest zztzdus. The latter speci- 
men is now in Mr. Brewster’s collection. As zztzdus comes 
north regularly to western Kansas, there is no reason why it 
should not occur in southeastern Colorado. 


420a. Chordeiles virginianus henryi. WESTERN NIGHT- 
HAWK. 
Summer resident; abundant. Breeds on the plains and 
up to about 11,000 feet; in the fall wanders to 12,000 feet. 
Is rather more common on the plains and lower foothills than 
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higher up, but is still common to 10,000 feet. Reaches northern 
Colorado the last of May and nests by the middle of June. 
Eastern Colorado is within the geographical range of C. v. 
sennettd, but it has not yet been reported from the State. 


422. Cypseloides niger borealis. BLACK SWIFT. 

Summer resident; abundant, locally. Occurs regularly in 
southwestern Colorado, where it was found by F. M. Drew, who 
says that they come late in June and leave late in September; 
breed from 10,000 to 12,000 feet, and range far above 13,000 
feet. Are very common and always hunt in large flocks. 
(B. N. O. C. VIL. 1882, 182 and B. N.O. C. VI. 1881, 85 and 138. ) 
Has been taken by Dr. A. K. Fisher as far east as Trinidad. 
(Bendire, Hist. N. Am. Birds, Part II. 175.) 


455. Aéronautes melanoleucus. WHITE-THROATED SWIFT. 

Summer resident; not uncommon, locally. Breeds only 
in inaccessible rocks from the lower foothills at about 6,000 
feet to at least 12,000 feet if not higher. Arrives the last of 
March to the middle of April. More common in the southern 
half of the State, but breeds at 7,000 feet on Horsetooth Mount- 
ain a few miles from Fort Collins and passes north into Wy- 
oming. 


429. Trochilus alexandri. BLACK-CHINNED HUMMINGBIRD. 

Summer resident; not uncommon, locally. Occurs only in 
the extreme western and southwestern part of Colorado, and 
there only in the lower portions below 6,000 feet. 


432. Selasphorus platycercus. BROAD-TAILED HUMMING- 

BIRD. 

Summer resident; common. ‘The most common Hum- 
mer in Colorado. Arrives early in May and breeds from the 
foothills to 11,000 feet. Ranges 2,000 feet above timber-line in 
summer time. Breeds most commonly from 7,000 to 9,000 feet. 
First set of eggs is laid about the middle of June and, at least 
in southern Colorado, two broods are reared. The young from 
the later brood are scarcely out of the nest by the middle of 
Avgust and a few weeks later the birds start southward. Re- 
cords are lacking for the plains region east of the foothills, 
though common clear to the edge of the plains, 


433. Selasphorus rufus. Rurous HUMMINGBIRD. 


Summer resident; not uncommon locally. A western 
species coming into southwestern Colorado, where it breeds 
from 7,000 to 10,000 feet and ranges in summer several 
thousand feet higher. Tolerably common in western Colorado 
and much less common along the eastern slope of the mountains. 
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The most northeastern record is that of Mr. W. G. Smith who 
took it in Larimer County. One was taken by Mr. Dennis Gale 
near Boulder and a specimen was taken by Henshaw at Fort 
Garland, August 12, during the fall migration. ‘There is a spec- 
imen in the Maxwell Collection, but no data as to where it was 
captured. 


443. Milvulus forficatus. SCISSOR-TAILED FLYCATCHER. 

Summer visitant; rare, if not accidental. The only record 
for Colorado of this southern species is that of G. F. Breninger. 
He writes that he saw one at Table Rock, on the Divide, south 
of Denver. He says, “I saw the bird close to and there is no 
doubt in the matter.” 


444. Tyrannus tyrannus. KINGBIRD. 

Summer resident; common. Occurs regularly only on the 
plains and a little way up the eastern foothills to 6,000 feet. 
Breeds throughout its range. Has been taken asa rare visitant 
in Routt County, in northwestern Colorado. Arrives about the 
first week in May. 


447. Tyrannus verticalis. ARKANSAS KINGBIRD. 

Summer resident; common. Gets its English name from 
having been originally described by Say, from specimens taken 
on the Arkansas River [notwithstanding the statement in Baird, 
Brewer and Ridgway’s Birds of North America that they were 
taken on the Platte]. Rather more common in eastern than 
western Colorado, especially on the plains at the base of the 
foothills. Scarcely found in the mountains, rising regularly 
only to 7,000 feet, breeding from there down to the plains. 
Arrives the first week in May and nests about the middle of 
June. After the young are able to fly, about the first of August, 
a few wander into the mountains to 8,500 feet. 


448. Tyrannus vociferans. CASSIN’S KINGBIRD. 

Summer resident; common. Occurs throughout Colora- 
do, breeding from the plains to 7,000 feet and is fairly common 
even to the northern boundary of the State, though more com- 
mon in the southern two-thirds. Arrives the second week in 
May. There are no records on the plains more than about fifty 
miles out from the foothills. 


454. Myiarchus cinerascens. ASH-THROATED FLYCATCHER. 


Summer resident; rare. A western species, coming east 
to the western edge of the plains. Breeds from the plains to 
7,000 feet. Arrives the last of May and departs south late in 
October. ‘The most northeastern record is one taken at Golden 
by Prof. Osburn. 
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455a. Myiarchus lawrencei olivascens. OLIVACEOUS FLy- 

CATCHER. 

Summer visitant; rare, if not accidental. A southern 
species, known from Arizona and Mexico. Taken once by 
Capt. P. M. Thorne, at Fort Lyon, May 11, 1883. (Auk, VI. 1889, 
276.) 

456. Sayornis phoebe. PHBE. 

Summer visitant; rare. Comes west rarely to the eastern 
edge of Colorado. The only record is the one taken by Capt. 
P. M. Thorne at Fort Lyon, April 20, 1884. (Auk, VI. 1889, 
276.) 


457. Sayornis saya. SAy’s PHGBE. 

Summer resident; common. A bird of the plains rather 
than the mountains.. Most common along the edge of the foot- 
hills, breeding in towns and around buildings like the eastern 
Phoebe, which it here replaces. Arrives early, from the middle 
of March to the first week in April, according to the season. 
Breeds on the plains and in the mountains to about 8,000 feet. 
Eggs are laid early in June. 


459. Contopus borealis. OLIVE-SIDED FLYCATCHER. 
Summer resident; common. Occurs in migration on the 
plains and in the mountains throughout the State. Breeds 
only in the mountains from 7,000 to 12,000 feet and is much 
less common breeding than in migrations. Breeds at least as 
far south as southern Colorado. Arrives late in May and breeds 
about the last of June. Departs southward in September. 


462. Contopus richardsonii. WESTERN WOOD PEWEE. 
Summer resident; common. Fairly common throughout 
the State as a breeder below 11,000 feet and very common in 
migration. In some places the most common Flycatcher. Ex- 
tends eastward to Kansas. Arrives last of April and first week 
in May and breeds about the middle of June. It is most common 


during the breeding season from 7,000 feet to the pine region. 
Migrates south in September. 


464. Empidonax difficilis. WESTERN FLYCATCHER. 
Summer resident; common. Breeds from the plains to 


10,000 feet, but is more common in the upper part of its range. 
Arrives late in May and nests early in July. 


466. Empidonax traillii. TRarti’s FLYCATCHER. 


- Summer resident; fairly common. More common on the 

p an but occurs in the mountains to 8,000 feet, breeding 
1roughout its range in Colorado. Arrives early in May and 
leaves late in September. : 
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467. Empidonax minimus. Least FLYCATCHER. 

_ Migratory; rare. Comes west only on the plains of Colo- 
rado and to the edge of the foothills. Has not been found 
higher than 6,000 feet. Arrives in May, and probably breeds, 
but no nests have as yet been taken. 


468. Empidonax hammondi. HAmMMOND’sS FLYCATCHER. 
Summer resident; common. Comes east only to the 

western edge of the plains. Pueblo is the most eastern record. 

Breeds from the plains to 8,000 feet. Arrives early in May. 


469. Empidonax wrightii. WRriIGHT’s FLYCATCHER. 

Summer resident; abundant. In migration is abundant 
throughout the State west of the plains, and is equally common 
during the breeding season from 7,500 to about 10,000 feet. 
Arrives the last of April and the first week in May. 


474a. Otocoris alpestris leucoleama. PALLID HORNED 

LARK. 

Winter resident; abundant. ‘The literature of the Horned 
Larks in Colorado is more mixed than that of any other bird. 
Alpestris, cornuta, occidentalis and chrysolema have all been re- 
corded for the State, but according to present ideas only /euco- 
lema and arenicola really occur in Colorado. Leucolema is the 
common ‘Snowbird”’ of the plains region and in the northern 
part of Colorado is enormously abundant from late in October 
until the middle of February. Only a few enter the mount- 
ains during the winter, probably not much if any above 8,000 
feet. How far it passes up the mountains during migration 
has not yet been satisfactorily determined. Breeds north of the 
United States. 


474c. Otocoris alpestris arenicola. DESERT HORNED LARK. 

Resident; abundant. All of the summer Horned Larks of 
Colorado are avenzcola and most of the winter birds of the south- 
ern half of the State belong here, as well as many from northern 
Colorado. Winters on the plains and a little ways into the 
mountains up to 9,000 feet, but only a few individuals above 
7,000 feet. Breeds on the plains and in the mountains up to 
13,000 feet. The bulk of migratory birds arrive on the plains 
in March and nesting begins early in April, two broods being 
raised. Eggs have been found as late as July 5. In the mount- 
ains nesting is from a month to two months later. Begins to 
leave the mountains early in October. 


475. Pica pica hudsonica. AMERICAN MAGPIE. 
Resident; common. A few visit the plaius of the extreme 
eastern Colorado during the winter and breed nearly to the 
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Kansas line. They become more common westward, until at 
50 miles from the foothills they are not uncommon locally along 
the banks of the larger streams. From the foothills through 
the mountains below 8,000 feet, they are very common and 
characteristic. A few breed as high as 11,000 feet and winter 
to 9,000 feet. On the plains and among the foothills nestbuild- 
ing begins in March and the earliest eggs the first week in April. 
Young are ready to fly the last of May. In the mountains the 
young scarcely leave the nest before the first of July. 


478b. Cyanocitta stelleri macrolopha. LONG-CRESTED JAY. 

Resident; common. Seldom strays far east of the foot- 
hills, but has been taken in winter by Capt. P. M. Thorne at 
Fort Lyon. Very common from the edge of the plains west- 
ward through the mountains. Breeds from the base of the foot- 
hills to timber-line, but seldom below 7,000 feet. Winters from 
the edge of the plains to nearly 10,000 feet. The upward 
movement from the plains begins early in May. Eggs are 
found the last of May and all through June. Fully fledged 
young are noted the last of June. The return movement begins 
the last of September. 


480. Aphelocoma woodhousei. WOODHOUSE’S JAY. 

Resident; common. Most common along the base of the 
foothills and the lower wooded mountains. Not often seen on 
the plains of eastern Colorado, but has been taken by Capt. 
P. M. Thorne at Fort Lyon from October to April. Breeds 
from 5,000 to 8,000 feet, and most commonly at about 6,000 
feet. Eggs are laid the last of April and first week in May. 
Winters in the lower valleys and along the edge of the plains 
at about 5,000 feet. In the fall has been known to wander to 
9, 500 feet. 


sg Perisoreus canadensis capitalis. Rocky MOUNTAIN 
AY. 

Resident; common. Remains near timber line all the 
year round. During the winter descends a few hundred feet, 
and occasionally a few wander down to the foothills, but the 
bulk remain above 9,000 feet even in the coldest weather. 
Breeds early, usually by the middle of April, which at that 
altitude of 8,000 to 11,500 feet is long before the snows cease. 
F. M. Drew says of this species in San Juan County, “In autumn, 
when on his first tour of inspection around the house, he hops 
along ina curious sidling manner just like a school girl ina 
slow hurry. White-headed, grave and sedate, he seems a very 
paragon of propriety, and, if you appear a suitable personage, he 
will be apt to give you a bit of advice. Becoming confidential, 
he sputters out a lot of nonsense in a manner which causes you 
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to think him a veritable ‘whiskey Jack.’ Vet, whenever he is 
disposed, a more bland, mind-his-own-business appearing bird 
will be hard to find, as also many small articles around camp 
after one of his visits, for his whimsical brain has a great fancy 
for anything which may be valuable to you, but perfectly 
useless to himself.’? (B. N. O. C. VI. 1881, 140.) 


486. Corvus corax sinuatus. AMERICAN RAVEN. 

Resident; common, locally. More particularly a bird of 
western Colorado, but occurs in the mountains as a not uncom- 
mon visitant. Has been taken by Capt. P. M. Thorne at Fort 
Lyon, and even extends occasionally east to western Kansas. 
Breeds throughout its range, but more commonly in the mount- 
ains at least to timber-line. Winters from the plains to about 
10,000 feet. Irregular in its movements. 


487. Corvus cryptoleucus. WHITE-NECKED RAVEN. 

Resident; rare. Formerly common along the eastern base 
of the front range for its entire length in Colorado and from 
50 to 100 miles out on the plains. Now entirely absent from 
much of this region. F. M. Dille found nests and eggs May 
24, 1887,1n Weld County, far east of the foothills. There is no 
other late record north of Boulder, where R. A. Campbell saw 
them twice in 1894, high up in the foothills. C. E. Aiken says 
of its range 20 years ago: ‘“‘I first saw them in October, 1871, 
about 25 miles south of Cheyenne on the line of the Denver 
Pacific Railroad where a large flock was hovering over the plain. 
In the city of Denver I have often seen them searching for 
food in the less frequented streets, and about 100 miles farther 
south on the Fontaine Qui Bouille, I have seen immense num- 
bers. At the latter place a flock of probably 1,000 individuals 
was resident during the winter of 1871-2. Although so abund- 
ant in winter, very few are to be seen in summer; the greater 
number either pass to the northward or become so distributed 
over the country as not to attract attention. * * * C. cryptoleu- 
cus is mainly a bird of the plains, being replaced in the mount- 
ains by the common raven. The two birds resemble each other 
so closely, both in notes and habits, that it is difficult to dis- 
tinguish between them at a distance; the greatest apparent 
discrepancy being in size, though the croak of carnzvorus is 
somewhat deeper and louder than that of the other. I have 
sometimes found them both associated in the same flock. Each 
succeeding year since I first saw these birds I have noticed a 
marked decrease in their numbers in E] Paso County, Colorado. 
The cause of this I do not know unless it is because as the 
country becomes more thickly settled, the solitude they love so 
well is denied them.”’ 
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‘The narrow strip of country in Colorado where they used 
to be most common, now contains fully three-fourths of the 
entire population of the State. The White-necked Raven used 
to breed from the plains to 6,000 feet, and there is no reason to 
believe that the few survivors have changed their nesting habits. 
Its present scarcity can be judged by the fact that of fifteen cor- 
respondents who have spent a great deal of their time in the field 
for the last ten years along the eastern base of the mountains 
from Pueblo to Cheyenne, only two have seen the bird alive. 


488. Corvus americanus. AMERICAN CROW. 


Resident ; common in northeastern Colorado, rare in the 
rest of the State. F. M. Dille says in substance of its distribu- 
tion in Colorado: Breeds in considerable numbers along the 
courses of the South Platte and its tributaries in northeastern 
Colorado, although confined principally to the valley of the 
Platte. Have found it breeding in the near vicinity of Greeley, 
but from a point eight miles below the town their nests were 
quite abundant. Five nests found at one time on an island less 
than two acres in extent. Sometimes after a mild open winter, 
when the birds had been present in large numbers all the winter, 
they would disappear entirely as the breeding season approached. 
The earliest date of a full set of eggs is April 1, and the latest 
date May 23; average date April 27. One set taken May 5 on 
Clear Creek, Jefferson County, and once found nesting almost 
within the city limits of Denver. (Burns, Bull. No. 5, Wilson 
Ornith. Chapter Agassiz Assoc., Oberlin, Ohio.) In the vicinity 
of Fort Collins the present writer has found them not uncommon 
during the fall in quite large flocks, and a few nest along the 
Cache La Poudre, east of the foothilis. HH. G. Hoskins reports 
having seen seven at various times near Burlington, close to the 
Kansas line. Capt. P. M. Thorne saw a few at Fort Lyon, on 
the Arkansas river, while Drew and Morrison both record it 
from southwestern Colorado. Breeds from the plains to about 
7,000 feet and winters on the plains. 


491. Nucifraga columbiana. CLARKE’S NUTCRACKER. 


Resident; abundant. The first eggs known to science 
were taken by Dennis Gale at Gold Hill March 9, 1888, at 
8,500 feet; a second set at the same place April 16, 1889. B.F. 
Goss had before this,on May 21, 1879, found a nest with young 
at Fort Garland. Breeds from 7,000 to 12,000 feet, though 
most commonly from 9,000 to 10,000 feet. Breeds from the 
first half of March at 8,000 feet to the middle of April at its 
highest range. Only one brood: young are on the wing the 
latter half of May. Some remain in small parties during the 
rest of the summer, others gather in larger companies. W. E. 
D. Scott reports ‘enormous flocks” at Twin Lakes June 24, 
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1878. During the fall they wander up to at least 13,000 feet; 
in October begin to descend into the valleys. Most of them 
remain through the winter at 7,000 to 9,000 feet, but a few 
come down to the plains. H.G. Hoskins sent one for identifi- 
cation taken at Burlington, near the Kansas line, in January, 
1896, and says that others have been seen there occasionally. 
They have also been taken as wanderers in South Dakota, 
western Nebraska and western Kansas. . They begin the 
upward movement early in the spring, before most other mi- 
grants, and are almost the earliest birds to nest at 9,000 feet. 


492. Cyanocephalus cyanocephalus. PINON Jay. 

Resident; abundant, locally. In the summer the Pinon 
Jay deserves its name, for it breeds almost exclusively among 
the pinon pines from 7,000 to 8,000 feet. A few nests have 
been found as low as 5,000 feet and as high as 9,000. First 
eges are laid the last of March and first of April, and eggs are 
found as late as the middle of May. Keeps in small parties 
during the breeding season, and in large flocks the remainder 
of the year. Continually changing location according to food 
supply. In autumn wanders far above the pinon pines to 
13,000 feet. Late in October begins to descend, and spends the 
winter in the lower foothills and on the edge of the plains. At 
this season it wanders eastward across Colorado to Nebraska 
and Kansas. During the winters of 1889, 1890 and 1891 large 
flocks were seen in Finney County in southwestern Kansas. 
Returns to the pinon pines early in spring. 

494. Dolichonyx oryzivorus. BOBOLINK. 

Summer visitant; rare. Occurs only east of the range on 
the plains and at the base of the foothills. Henshaw saw three 
at the Huerfano crossing in May, 1873, Allen and Brewster 
noted one at Colorado Springs May 18, and two others were 
reported May 23. Prof. Wm. Osburn writes he has seen one at 
Loveland and there was one in the Maxwell Collection. This 
completes the record to date for Colorado. Not known to breed 
in the State. The bird commonly known in Colorado as the 
“Bobolink” is the Lark Bunting (Calamospiza melanocorys). 


495. Molothrus ater. COWBIRD. 

Summer resident; common. Confined principally to the 
lower regions, breeding from the plains to 8,000 feet. As com- 
mon on the plains as anywhere in the Mississippi Valley. 
Arrives the last of March and leaves late in September. 


497. Xanthocephalus xanthocephalus. YELLOW-HEADED 
BLACKBIRD. 
Summer resident; common. In migration occurs through- 
out the State and breeds in suitable places on the plains and 
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among the foothills and parks to 7,500 feet. Scott found one 
July 20 at Twin Lakes at 9,500 feet, but did not ascertain that 
it nests at that altitude. Arrives about the middle of April 
and breeds early in June. Usually departs in September, but 
Capt. P. M. Thorne found one at Las Animas as late as 
October 17. 


498. Agelaius phceniceus. RED-WINGED BLACKBIRD. 

Summer resident; common. One of the most abundant 
birds on the plains in suitable places, breeding principally below 
7,500 feet but occasionally up to 9,000 feet. Arrives early, 
usually about the middle of March and remains in flocks until 
the middle of May, when it pairs and breeds during the whole 
month of June. The bulk depart late in October; some remain 
a month later, and a few linger through most of the winter. 
During the mild winter of 1895-6 they were common even in 
northern Colorado, and during the winter of 1896-7 very large 
flocks were constantly present. It would seem probable that 
the presence of part of them at least was due to the increased 
abundance of food. Beginning in 1892, more and more sheep 
have been fed in the Valley of the Poudre and Big Thompson 
Rivers. The number during the winter of 1896-7 has reached 
nearly 200,000. All of these are fed on corn in open yards. 
The blackbirds in large numbers have made these yards their 
feeding grounds and have apparently derived a good share of 
their food from the scattered grain. 


[499. Agelaius gubernator californicus. BIcOLORED BLACKBIRD. 


Has not been taken in Colorado, but one was taken by Mr. Bond at Chey- 
enne, Wyo., April 14, 1889. (Auk, VI. 1889, 341.) This is just over the line 
from Colorado and the bird must have crossed Colorado to get there. This is a 
Pacific Coast bird and the occurrence is of course accidental. ] 


sorb. Sturnella magna neglecta. WESTERN MEADOWLARK. 

Summer resident; abundant. More especially a bird of 
the plains, but also common in the lower mountain parks. 
Breeds on the plains and to 8,000 feet. Also met both in sum- 
mer and fall above timber-line, but does not breed so high. 
Arrives early in March and breeds the latter part of May. 
Moves southward in October, though a few winter in southern 
Coljorado. During the winter of 1895-6 they were not uncom- 


se over most of the plains region of the State and also during 
1896-7. 


506. Icterus spurius. ORCHARD ORIOLE. 

Summer visitant; rare, if not accidental. ‘The only record 
for Colorado known to the present writer is the single specimen 
taken by Allen at Denver. (Bull. Mus. Comp. Zool. III. 1872, 


113-183.) ‘There seem to have been other records, but they are 
no longer accessible. 
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507. Icterus galbula. BALTIMORE ORIOLE. 

Summer resident; rare. The first record for Colorado is 
that by Allen, that it is rare westward to the base of the Rocky 
Mountains. Aiken afterwards found it in El Paso County and 
there was one specimen in the Maxwell Collection. Undoubt- 
edly breeds, though there is no record as yet of the nest having 
been found. 


508. Icterus bullocki. BULLOCK’s ORIOLE. 

Summer resident; abundant. More common at the west- 
ern edge of the plains than the Baltimore Oriole is in the east. 
Breeds abundantly on the plains and in all the mountain region 
below 10,000 feet. Arrives early in May and breeds late in 
June. Departs in September, though Beckham saw two at 
Pueblo as late as October 24. 


509. Scolecophagus carolinus. Rusty BLACKBIRD. 

Migratory; rare, if not accidental. A pair were shot near 
Denver December 17, 1883. (H.G. Smith, Auk, III. 1886, 284.) 
Prof. Wm. Osburn took one at Loveland November, 1889. 
(Science XXII. 1893, 212.) These are the only authentic 
records for Colorado. It has been several other times reported, 
but was evidently mistaken for Brewer’s Blackbird. 


510.. Scolecophagus cyanocephalus. BREWER’S BLACKBIRD. 

Summer resident; abundant. Occurs throughout the 
State, breeding from the plains to 10,000 feet. Arrives on the 
plains the middle of April, and journeys upward as fast as open 
marshes appear. Nests the last of May. In August and Sep- 
tember large flocks ascend 3,000 feet above their breeding 
grounds and swarm over the country above timber-line to 
13,000 feet. Retire in October and are common on the plains for 
a month ionger. A few remain through the winter in the lower 
portions of the State. 


511b. Quiscalus quiscula zneus. BRONZED GRACKLE. 

Summer resident; not uncommon locally. Only in east- 
ern Colorado to the base of the Rocky Mountains. Henshaw 
found it rather numerous at Denver; just about to build May 
14. The first arrived at Burlington, Colorado, May 9, 1896. 
Capt. P. M. Thorne writes that he has taken it at Fort Lyon 
and W. P. Lowe says that it breeds near Pueblo. There is no 
Colorado record of its breeding above 5,000 feet. 


514a. Coccothraustes vespertinus montanus. WESTERN 
EVENING GROSBEAK. 
Winter visitant; irregular and not uncommon. Is liable 
to occur anywhere in Colorado during the winter season. It has 
been seen at all times from early fall to late spring. Capt. P. 
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M. Thorne took one at Fort Lyon May 11, and C. F. Morrison 
saw a flock of 30 at Fort Lewis May 17, at an altitude of 8,000 
feet. These records so late in the season, make it not improb- 
able that it may yet be found breeding in the State. It has 
been noted from the plains to 10,000 feet. One was taken at 
Fort Collins as early as October, 1888. 


515. Pinicola enucleator. PINE GROSBEAK. 

Resident; not uncommon. Most common in late summer 
and in winter when the bulk are just below timber-line, but 
stragglers descend to the foothills and wander over the plains. 
Capt. P. M. Thorne saw them several times at Fort Lyon and 
G. F. Breninger took one at Fort Collins November 6. They 
breed at timber-line. Trippe found young birds fully feathered 
by June, before the snow was gone, while at 11,500 feet D. D. 
Stone saw a pair feeding young as late as July 25. (O. & O. IX. 
1884, 20.) 


517. Carpodacus purpureus. PURPLE FINCH. 

Migratory; rare, if not accidental. The only certain 
record for Colorado of this eastern species is the following from 
A. W. Anthony, who writes: ‘‘I have a female, which I shot 


November 15, 1885, near Denver. It was in company with 
C. frontalis and cassint.” 


518. Carpodacus cassini. CASSIN’S PURPLE FINCH. 

_ Resident; common. ‘Toward the latter part of November 
this western representative of the Purple Finch leaves its breed- 
ing grounds in the mountains and retires to the foothills and 
plains. It is then common in flocks along the western edge of 
the plains and has been taken by Capt. P. M. Thorne as far east 
as Fort Lyon, which is at present the most eastern record of this 
species. A few remain through the winter in some of the 
lower parks up to 7,000 feet, and a large part go south of Colo- 
rado for that season. The last of March or early in April the 
return movement to the mountains begins. This is almost the 
only species in which the summer and winter ranges are com- 
plementary. It winters from the plains to 7,000 feet and breeds 
from 7,000 to 10,000. By May it has worked its way up the 
mountains to its summer home and breeds there the latter half 
of June. Capt. Thorne has taken one at Fort Lyon as late as 
May 28. It wasa female with eggs just visible to the naked 


eye. 
519. Carpodacus mexicanus frontalis. Housr FINCH. 
Resident; abundant. Originally described by Say from 


specimens taken near where Cafion City now stands. One of 
the most abundant winter birds on the plains along the base of 
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the foothills and breeding quite commonly in the same localities. 
Common in towns, breeding around the cornices of buildings 
and in the shades of the electric lights like the English Sparrow 
of the East, for which it is often taken by visitors from the por- 
tions of the United States blessed by the English importation. 
Rare far out on the plains, but a flock of 15 was seen in Finney 
County, in southwestern Kansas, January 5, 1892. Breeds on 
the plains and especially in the lower foothills. Less commonly 
in the mountains to 8,000 feet. The most eastern record of 
breeding anywhere is that of Capt. P. M. Thorne, who took a 
pair at Fort Lyon June 3, 1883. The female contained an egg 
with shell. He also saw one other in the fall. The height of 
the breeding season along the foothills is the middle of June 
and two broods are often reared. Eggs have been noted at 
Fort Collins as early as March 25 and as late as the middle of 
July. The most northern record noted is that of F. Bond at 
Cheyenne, where the first came April 14 and the nest and eggs 
were taken June 11, 1889. (Auk, VI. r880, 341.) 


521a. Loxia curvirostra stricklandi. MEXICAN CROSSBILL. 

Resident; not uncommon. Under this heading are in- 
cluded all the Red Crossbills of Colorado, not because specimens 
exactly like eastern birds are not found here, but because there 
seems to be no satisfactory. way of separating them from the 
western form. Occurs on the plains and the lower foothills 
during the winter, and breeds in the foothills and the lower 
mountains to about 8,000 feet. The above may be considered 
as the usual range, but specimens have been taken in winter at 
Manhattan at an altitude of 9,000 feet, and the birds have been 
seen in summer up to at least 11,000 feet. The breeding period 
is apparently quite irregular. The Red Crossbill of the east 
breeds in winter, and the western form must do the same at 
least part of the time, for C. F. Morrison found a nest and four 
eggs January 30, 1887, near Fort Lewis (O. & O. XIII. 1888, 70), 
while W. E. D. Scott at Twin Lakes found young flying June 
24 that were several months old. On the contrary T. M. Trippe 
speaks of their breeding as late as May. 


522. Loxia leucoptera. WHITE-WINGED CROSSBILL. 

Winter visitant; rare. Only one record, that of F. M. 
Drew, who took one in Baker’s Park, in southwestern Colorado, 
at 9,500 feet. (B. N. O. C. VI. 1881, 85 and 138.) 


524. Leucosticte tephrocotis. GRAY-CROWNED LEUCOSTICTE. 

Winter resident; rare. A western species breeding in the 
Sierra Nevada of California and probably in British America. 
Comes south and east in winter to Colorado, and has been taken 
along the eastern slope of the Rocky Mountains. To the speci- 
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mens already recorded may be added two taken at Fort Collins 
March 31. Most of the earlier records of this species really 
refer to LZ. australts. 


524a. Leucosticte tephrocotis littoralis. HEPBURN’S LEU- 

COSTICTE. 

Winter visitant; rare. Summers in British America and 
comes south and east in the Rocky Mountains to Colorado. 
There was a specimen in the Maxwell Collection; F. M. Drew 
gives it as occurring in the winter from 5,000 to 8,000 feet, 
while C. F. Morrison says that it is a winter visitant, rare on 
the eastern slope and common on the western. He says he has 
seen it both in the spring and in the fall. There is much need 
of more information on the occurrence in Colorado of this 
variety and the typical species. 


525. Leucosticte atrata. BLACK LEUCOSTICTE. 

Winter visitant; rare. Was originally described by Ridg- 
way (Am. Sportsman IV. 1874, 24) from four specimens taken 
by C. E. Aiken at Cafion City in April, 1874. The present 
writer has seen a mounted specimen in Colorado Springs and 
there is one in the Maxwell Collection. All references to the 
birds in Colorado apparently refer to one or the other of these 
instances. 


526. Leucosticte australis. BROWN-CAPPED LEUCOSTICTE. 

Resident; abundant. Ranges the highest in summer of 
any bird in Colorado, unless it is the White-tailed Ptarmigan. 
Never seen below timber-line in summer and not known to nest 
below 12,000 feet; thence to the tops of the highest peaks. 
The height of the breeding season is the latter part of July. 
In August young and old swarm over the summits of the peaks 
picking insects off the snow. By the last of October or early 
in November, they descend to timber-line and remain there 
through the winter except as they are driven a little lower by 
the severest storms. At the same time a few come into the 
lower valleys almost to the base of the foothills. 


528. Acanthis linaria. REDPOLL. 


Winter resident; common. Arrives from the north in 
November and is fairly common on the plains and in the mount- 
ains to 10,000. Remains high in the mountains even when the 
temperature is thirty degrees below zero. More especially 
common in the lower foothills of the northern half of the State. 
Leaves for the north from the middle of March to the middle 


of April. 
529. Spinus tristis. AMERICAN GOLDFINCH. 


ger GOH not comimon in winter and apparently then 
confined to the plains; abundant in migration; rather common 
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breeding on the plains and in the lower portions of the mount- 
ains. It seems to be most common during the summer on the 
plains and in the lower valleys. Although it enters the 
mountain parks and reaches 9,000-10,000 feet, it is not common 
above 7,000 feet. The great bulk move north and south in 
May and September, but their movements are quite irregular. 


530. Spinus psaltria. ARKANSAS GOLDFINCH. 

Summer resident; common. Comes as far north as the 
northern boundary of Colorado and breeds throughout its range 
in the State, on the plains and in the mountains to somewhat 
over 9,000 feet. It is the latest migrant, scarcely reaching 
northern Colorado before the middle of June. Breeds from the 
last of June to the middle of July. Nash found young at 
Pueblo just leaving the nest September 18, 1879. Migrates 
southward late in October and the first part of November. Is 
found rather less than a hundred miles east of the mountains 
out on the plains. Seems to be most common in central Colo- 
rado. 


530a. Spinus psaltria arizonz. ARIZONA GOLDFINCH. 

Summer resident; not common and either local or else has 
not been separated by observers from typical psalivza. Brought 
into the fauna of Colorado by a specimen in the Maxwell Col- 
lection. In southwestern Colorado C: F. Morrison says that 
psaltria and arizone are about in even numbers and that after 
the young of avzzone are out of the nest they go up into the 
mountains and appear again in abundance in October, stay a 
few weeks and retire south. A.W. Anthony writes that he has 
specimens*from Pueblo and Colorado Springs taken in the 
breeding season. Prof. Wm. Osburn writes that he has two 
specimens he took at Loveland in the breeding season and that 
he also found them breeding at Golden. ‘They can therefore be 
said to breed from the plains to 6,000 feet. 


533. Spinus pinus. PINE SISKIN. 

Resident; common. During migration this species is very 
abundant along the foothills. Retires to the mountains to 
breed, ranging in the summer from about 7,000 feet to timber- 
line. Occasionally a few nest at the base of the foothills. 
Some remain through the winter, but a little below timber-line, 
while the bulk are scattered over the lower valleys and through- 
out the plains. 


000. Passer domesticus. EUROPEAN HOUSE SPARROW. 
Resident; not yet abundant anywhere. This imported 

pest reached Colorado only a few years ago. W. P. Lowe 

noticed its arrival at Puebloin February, 1895. (Nidologist, II. 
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1895, 90.) It had, however, been gradually approaching the 
mountains for several years previous. It reached Denver during 
the summer of 1806, and there are probably less than twenty pairs 
of these sparrows now (March, 1897) in that city, where in ten 
years from now there will be asmany thousands. The Sparrow 
has reached the Rocky Mountains by following the lines of rail- 
road westward. It is not rare in the towns along the Union 
Pacific and Burlington roads in northern Colorado, to within 
fifty miles of the mountains, and it is a question of but a few 
years before they will over-run all of the country east of the 
foothills. They have not increased very rapidly so far in the 
State. At Las Animas, on the Arkansas River, where they have 
been for about four years, there are probably not more than ten 
pairs in the town and none in the country outside the city limits. 
Their habits here are the same as in the east. It will be in- 
teresting to note the result of the rivalry in Colorado of this bird 
and the House Finch (Carfodacus mexicanus frontalis). ‘This 
latter bird has for years occupied the place in Colorado that the 
English Sparrow does farther east. Over the eastern half of 
the United States, the English Sparrow has not had to contend 
with any species of habits similar to its own. In Colorado, at 
the base of the mountains, it meets its first real foe. Time will 
tell which will be victorious. 


534. Plectrophenax nivalis. SNOWFLAKE. 

Winter visitant; rare. Comes to the plains region of 
northeastern Colorado during the winter season, but never in 
large numbers and not regularly. Has been taken at Fort 
Collins, Loveland, Boulder and Denver. C. F. Morrison records 
one from La Plata County March 1. ‘This is the only record 
from west of the range. 


536. Calcarius lapponicus. LAPLAND LONGSPUR. 

Winter resident; common. Enters Colorado from the 
north in October and remains through the winter. When it 
first arrives it passes up into the lower mountain parks, but in 


severe weather it is confined to the plains extending to southern 
Colorado. Breeds far north. 


538. Calcarius ornatus. CHESTNUT-COLLARED LONGSPUR. 

_ Summer resident, rare; winter resident, not common; in 
migration, common. Has been taken during the winter at 
Fort Collins, Loveland, Boulder, Pueblo, Fort Lyon, and Allen 
and Brewster saw a flock at Colorado Springs as late as May 9. 
No records from west of the range. Breeds regularly in North- 
ern United States and British America. Given by Ridgway 
as breeding in Colorado, though the present writer can find no 


authority for the statement. Known to breed in Wyoming and 
Nebraska just over the Colorado line. 
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539. Rhyncophanes mccownii. McCown’s Loncspur. 

Winter resident; common. One of the commonest winter 
birds on the whole plains region of Colorado east of the mount- 
ains. Found by Allen and Brewster at Colorado Springs as late 
as May 9. Reaches southern Colorado in the fall about the 
first of October. McCown’s Longspur has been several times 
given as breeding in Colorado. This is very likely true, but 
the present writer has been unable to finda single authentic 
record of its occurrence in the State during the summer. Allen 
found it breeding abundantly at Cheyenne, Wyo., only a few 
miles north of Colorado. 


540a. Pooceetes gramineus confinis. WESTERN VESPER 

SPARROW. 

Summer resident; abundant. During migration one of 
the most abundant of birds on the plains and in the foothills. 
It breeds sparingly on the plains of eastern Colorado, more com- 
monly on the plains nearer the foothills, and abundantly at the 
base of the mountains. It is still a common breeder to 9,000 
feet, and occasionally to 12,000. Arrives in southern Colorado 
the middle of April, and reaches the mountain parks early in 
May. 


542b. Ammodramus sandwichensis alaudinus. WESTERN 

SAVANNA SPARROW. 

Summer resident; common. In migration it is very 
abundant and many remain to breed. On the plains they can 
hardly be called other than a migrant, but from the base of the 
foothills through the mountains it is not an uncommon breeder 
up to nearly 12,000 feet. Arrives early in April and remains 
until the middle of October. All the specimens taken by Capt. 
P. M. Thorne at Fort Lyon.were typical alaudinus. 


545. Ammodramus bairdii. Barrp’s SPARROW. 

Migratory; not common. Has been taken at various 
places along the eastern edge of the mountains and on the 
plains during spring and fall migration. The only record west 
of the Front Range is the one taken by Aiken in the San 
Luis Valley August 22, 1874. But since it is common in Ari- 
zona during the fall and winter, it undoubtedly crosses western 
Colorado during its migrations. Not known to breed in the 
State. 


546a. Ammodramus savannarum perpallidus. WESTERN 
GRASSHOPPER SPARROW. 
Summer resident; not uncommon, but seldom noticed. 
Breeds mostly on the plains or in the lower foothills. Arrives 
the middle of April. 
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552a. Chondestes grammacus strigatus. WESTERN LARK 

SPARROW. 

Summer resident; common. Breeds commonly over all 
the plains of eastern and western Colorado, and in the mount- 
ain parks less commonly to 10,000 feet. Arrives the last of 
April and breeds late in May. 


553. Zonotrichia querula. HARRIS’s SPARROW. 

Migratory; rare. Only one record for the State. One 
taken by C. W. Beckham at Pueblo, October 29, 1886. (Auk, 
IV. 1887, 120.) In the Auk, XI. 1894, 182, the present writer 
recorded a specimen at Colorado Springs that he was assured 
had been taken in the vicinity. Further investigation has 
revealed the fact that the specimen was obtained in Texas. 


554. Zonotrichia leucophrys. WHITE-CROWNED SPARROW. 

Summer resident; abundant. During migration one of the 
commonest birds. Arrives in April and spends two months in 
working up to timber-line. F. M. Drew has noted the queer 
fact of their changing location between the first and second 
brood. He says that they are common and breed during June 
in Baker’s Park in San Juan County at about 8,000 feet; that 
most of them then leave the Park and are numerous among the 
stunted bushes above timber-line where ‘they raise a second 
brood. In September they return to the park and linger until 
October. (B.N.O.C. VI. 1881, 138.) Breeds most abundantly 
from 10,000 to 11,000 feet and July is the height of the breed- 
ing season. Known to breed as high as 12,500 feet. The last 
of the migrants leaves the lower valleys about the first of June. 
On their return the last leaves the State in November. 


554a. Zonotrichia leucophrys intermedia. INTERMEDIATE 

SPARROW. 

Migratory; common. Arrives from the last of March to 
the middle of April, and on its northward journey keeps near 
the level of the plains. It is abundant in the foothills and 
lower portions of western Colorado and is not uncommon east 
to the Kansas line. The bulk leave the State in April and the 
last about the middle of May. On their southward journey 


they are a little later than the White-crowned Sparrow. Breed 
north of the United States. 


557. Zonotrichia coronata. GoLDEN-CROWNED SPARROW. 
Winter visitant; accidental. A Pacific Coast species, 

known once from Colorado. Prof. Wm. Osburn says that a 

small flock spent the winter of 1889 in the thickets along the 


Big Thompson. One was shot February 23. (Science, XXII. 
1893, 212.) 
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558. Zonotrichia albicollis. WHITE-THROATED SPARROW. 
Migratory; rare. The only records for Colorado of this 
eastern species are the one shot by C. W. Beckham at Pueblo, 
October 24, 1886 (Auk, IV. 1887, 120), and the one taken by 
H. G. Smith near Denver October 5, 1892. (Nidologist, III. 
1896-7, 76.) Since it has been taken as a rare migrant on the 
Platte in Wyoming and is known to breed in northern Wyoming, 
it is probable that more pass through Colorado in migration 
than would be supposed from the meagreness of the record. 


559a. Spizella monticola ochracea. WESTERN TREE 

SPARROW. 

Winter resident; common. Spends the winter on the 
plains and in the lower parts of the mountains. Common to 
7,000 feet and occasionally to 9,000. Arrives from the north 
about the middle of October and becomes common early in 
November. The bulk leave in April and the last by the first 
of May. The western form is found over all the plains to 
- Kansas. 


560. Spizelia socialis. CHIPPING SPARROW. 

Summer resident, rare; in migration, not uncommon. 
The typical Chippy of the east comes into Colorado as far as 
the foothills of the Rocky Mountains. ‘There is no authentic 
record as high as 6,000 feet. “Ihe western variety, avzzone, is 
the prevailing form at the base of the mountains and for several 
miles out on the plains. There is need of much more infor- 
mation as to the relative distribution of the two birds in eastern 
Colorado. Though not uncommon during migration, the typi- 
cal form must be quite rare as a breeder. There is indeed no 
unquestionable record of its breeding in Colorado and it is en- 
tered above as a summer resident on the strength of its known 
breeding to the east and the north in Kansas and Nebraska. 
Arrives in northern Colorado the last of April. 


560a. Spizella socialis arizona. WESTERN CHIPPING 

SPARROW. 

Summer resident; abundant. Especially common along 
the foothills in migration. Allen and Brewster mention a flock 
of at least 1,000 birds seen May 13 at Colorado Springs. Not 
known to breed far out on the plains, but it breeds from the 
base of the foothills to nearly 10,000 feet. Breeds most com- 
monly from 6,000 to 7,000 feet. Arrives the middle of April 
and most go into the foothills by the middle of May. Breeds 
the middle of June. Leaves the State the latter part of October. 
Six specimens taken by Capt. P. M. Thorne at Fort Lyon have 
been identified as this variety, but they are known there only 
during migration. 
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561. Spizella pallida. CLAY-COLORED SPARROW. 

Summer resident; not uncommon. Appears not to be 
common anywhere in Colorado, but is scattered over all of the 
State east of the mountains. Breeds in north-central Colorado 
on the plains and at the base of the foothills, but the southern 
limit of its breeding range in the State has not been satisfact- 
orily determined. V. L. Kellogg shot one in Estes Park August 
ro. (Trans. Kans. Acad. Science, XII. 1889-90, 86). This is 
the only record for the mountains and is probably a bird that 
had wandered upward after the breeding season. Arrives the 
last of April and leaves late in September. 


562. Spizella breweri. BREWER’S SPARROW. 

Summer resident; not uncommon. Arrives from the mid- 
dle of April to the first of May. Most common in migration 
the first half of May. Rather more common in the southern 
half of the State. Breeds throughout its range from the plains 
to 8,000 feet. Principally a western species, but Capt. P. M. 
Thorne took it as far east as Fort Lyon. 


566. Junco aikeni. WHITE-WINGED JUNCO. 

Winter resident; common. Winters on the plains and in 
the mountains to at least 8,000 feet. "The commonest Snowbird 
in the mountains in the winter. According toC. EH. Aiken, ‘‘the 
first stragglers from the north do not make their appearance till 
about the 5th of October, [this is on the plains of El Paso 
County. In the mountains they do not arrive until late in 
October or early November,| and then in gradually increasing 
numbers till the first of December, when they come in large 
flocks, the last to arrive being the old and fully plumaged males. 
While many of the females and young birds proceed farther to 
the south, the greater number of the adult males winter at 
some point farther to the north than E] Paso County, as of the 
whole number seen during the winter only about two-fifths are 
males. Karly in February the old birds begin to start northward, 
the general migration being delayed about a month.” Has 


been taken in Colorado as late as April 11. Breeds in northern 
Wyoming. 


567. Junco hyemalis. SLATE-COLORED JUNCO. 

Winter resident; not common. ‘The typical hyemadlzs 
comes west to the Rocky Mountains as a rather rare visitor. 
If it is ever common, it is during spring migration from the 
last of March to the middle of April; less common during fall 
migration in November; still less common during the winter 
season. Winters on the plains and in the foothills to 7,000 
feet. During spring migration goes a 1,000 feet higher. Not 
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known to breed in the State, which is somewhat strange con- 
sidering how far south it breeds in the mountains of eastern 
United States. 


567b. Junco hyemalis connectens. SHUFELDT’S JUNCO. 

Winter resident; abundant. Great numbers winter in 
southern Colorado, where F. M. Drew says that they appear 
first at timber line in September; later, stragglers come down 
and mix with caniceps and by October have taken full possess- 
ion. When severe winter weather begins they pass lower 
down. (B.N.O.C. VI. 1881, 138.) They remain in numbers 
throughout the winter as far north as central Colorado, and are 
not an uncommon winter resident nearly to the northern 
boundary. Very common in migration during November and 
April. Extend eastward to Kansas. 


568. Junco mearnsi. PINK-SIDED JUNCO. 

Winter resident; common. In middle Colorado, during 
the winter, one of the most common Juncos, especially on the 
plains at the base of the foothills. Arrives rather late in the 
fall, and is most numerous during the spring migration. At 
this latter season it is principally a bird of the mountains from 
6,000 to 10,000 feet. The period of greatest numbers is about 
the first of April. The last of the migrating Juncos to leave, 
remaining until the last of April. Aiken once saw females in 
El] Paso County as late as May 4. Extends east on the plains 
as far as Fort Lyon, where it has been taken by Capt. P. M. 
Thorne. 


568. 1. Junco annectens. RIDGWAY’s JUNCO. 

Winter visitant; rare. One was taken by R. C. McGregor 
at Boulder November 25, 1892, associated with mearusz, cant- 
ceps, atkent, and connectens. (Auk, X, 1893, 205.) 


569. Junco caniceps. GRAY-HEADED JUNCO. 

Resident; abundant. The only Junco at present known 
to breed in Colorado. ‘The bulk winter south of the State, but 
a few remain on the plains and the lowest valleys of the mount- 
ains from November to April. In southwestern Colorado F. M. 
Drew says that they are very abundant in summer from 7,500 
to 12,000 feet, raising two and perhaps three broods. Large 
young out of the nest taken June 26, and nest with fresh eggs a 
month later; young birds September 25. The commonest 
summer bird, taking the place of the Chippy of the east. 
Leave the first of November just as oregonus | =connectens| be- 
comes plentiful. (B. N. O. C. VI. 1881, 138.) Farther north, 
in Clear Creek County, where it does not winter, T. M. Trippe, 
in “Birds of the Northwest,” says that it arrives the middle or 


106 BIRDS OF COLORADO. 


latter part of March, two or three weeks before the other varieties 
leave. Works upward as the snow leaves, and by the middle 
of June has left the region below 8,000 feet. Breeds abund- 
antly from the upper limit of shrubs to 1,000 feet below timber- 
line, and less commonly down to 8,500, and occasionally at 
7,000 feet. In October descends to lower valleys and soon 
leaves the county. D. D. Stone found fresh eggs from June 8 
to July 18 at 10,000 feet in Gunnison County. (O. & O. IX. 
1884, 20.) Common on the plains during spring and fall migra- 
tion, remaining in the spring usually to the first of May, and 
rarely as late as June 1. Capt. P. M. Thorne took it as far east 
as Fort Lyon. 


570a. Junco phzonotus dorsalis. RED-BACKED JUNCO. 
Migratory; rare. ‘The only record for Colorado is that of 
Chas. F. Morrison who says that they were abundant during 
the spring of 1887 at Fort Lewis in the extreme southwestern 
corner of Colorado. (O. & O. XV. 1890, 36.) This is the resi- 
dent and abundant form just south of the Colorado line and it 
would be strange if some did not enter the State. It has been 
entered above as migratory according to the record, but if it 
occurs as anything more than an accidental visitant, it must 


breed. 


573. Amphispiza bilineata. BLACK-THROATED SPARROW. 

Summer resident; not uncommon, locally. <A southern 
and western species barely reaching to Colorado and found only 
in the southwestern portion. Abundant a little south of Colo- 
rado in Arizona. The only record east of the range and 
probably accidental, is one taken by C. E. Aiken, July 26, 
1872, in a mountain park near Cafion City. 


574a. Amphispiza belli nevadensis. SAGE SPARROW. 
Summer resident; abundant. Quite common on the sage- 
brush plains of western and southwestern Colorado. Comes 


east as far as San Luis Park, where Henshaw found it not 
uncommon up to 8,000 feet. 


581. Melospiza fasciata. Sonc SPARROW. 


Migratory; rare. Among five Song Sparrows taken b 
Capt. P. M. Thorne at Fort tee and cee ere Field Colne 
bian Museum at Chicago, is one typical /ascéata, the other four 
being montana. Fasciata is the common form found through- 
out Kansas and Nebraska, and in view of the above record it is 
probable that a few migrate across the plains of the extreme 


eastern Colorado and may not unlik : 
Colorado, y ikely breed in northeastern 
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581b. Melospiza fasciata montana. MouNTAIN Sonc 

SPARROW. 

Summer resident; common. It might be called resident, 
since a few breed on the plains and in mild winters a few re- 
main all the year. Common throughout the State in migration 
and not uncommon as a breeder from the plains to 8,000 feet. 
Breeds more commonly at the upper limit of its range. Arrives 
late in March. 


583. Melospiza lincolni. LINCOLN’S SPARROW. 

Summer resident; common. An abundant species in mi- 
gration both on the plains and in the mountains. Breeds in 
the mountains from 7,000 feet to timber-line and occasionally 
to the base of the foothills. Most common during the summer 
months at or near timber-line. Arrives last of April or early in 
May and by the last of May has left the plains for the north or 
gone up into the mountains. Breeds late in June and descends 
to the plains again the first half of October, leaving the State 
about the first of November. 


585c. Passerella iliaca schistacea. SLATE-COLORED SPAR- 

ROW. 5 

Summer resident; rare. The status of this species as a 
Colorado bird is very unsatisfactory. Ridgway makes the un- 
equivocable statement that it breeds in Colorado along “‘streams 
of the mountain parks.” (Bull. Essex Inst. V. 1873, 183.) The 
basis for this statement cannot now be ascertained and it has 
not been confirmed by later observers. Indeed this is the only 
record the bird has for Colorado. It has been commonly sup- 
posed that the type specimen of this variety was taken in Colo- 
rado and this is so stated by Bendire in his Life Histories of 
North American Birds. The present writer is indebted to Prof. 
T. S. Palmer, of the Department of Agriculture at Washington, 
for the information that the specimen in question was taken by 
Lieut. Bryan’s party July 19, 1859, in Nebraska, about 20 miles 
east of the Colorado line. 


588. Pipilo maculatus arcticus. Arctic TOWHEE. 

Winter resident; not uncommon. It issomewhat difficult 
to draw the line between avcticus and megalonyx in Colorado. 
According to the best light obtainable at the present time, those 
birds should be referred to arctzcus that occur on the plains east 
of the mountains during fall, winter and spring as migrants 
from the north; and that all breeding birds should be referred 
to megalonyx. <Arcticus arrives from the north early in Octo- 
ber and remains until April. Occurs from middle Kansas to 
the eastern base of the Rocky Mountains. 
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588a. Pipilo maculatus megalonyx. SPURRED TOWHEE. 
Summer resident; common. Arrives last of March to the 
middle of April and by the middle of May has reached its upper 
summer limit at 9,000 feet. Breeds from the base of the east- 
ern foothills westward. Eggs are laid from the last of May 
through June. Goes south tate in September. So far as known 
extends even in migration but a few miles out on the plains. 


590. Oreospiza chlorura. GREEN-TAILED TOWHEE. 

Summer resident; common. Occurs throughout all of 
western Colorado and common for a few miles out on the plains. 
Has been taken by Capt. P. M. Thorne as far east as Fort Lyon. 
Arrives the last of April and early part of May; ascends into 
the mountains to the limit of trees. Breeds in all its range but 
most commonly about 8,000 feet; nests in May and often raises 
two broods. Leaves the State in October. 


591. Pipilo fuscus mesoleucus. CANON TOWHEE. 

Resident; common, locally. All the records for the State 
come from the Arkansas Valley. It is a common resident in 
Pueblo County nesting in juniper and sometimes cactus bushes. 
Most common on the plains and lower foothills but occurs spar- 
ingly up to 10,000 feet. Breeds the latter part of April. The 
above statements are from the notes of Beckham, Lowe and 
Nash, who have made a special study of the birds of the Arkansas 
Valley. Occurs regularly and abundantly south and southwest 
of Colorado. 


592. Pipilo aberti. ABERI’S TOWHEE. 

Summer resident; rare. There is no record for Colorado 
but that of Henshaw, who says: ‘Though no specimens were 
secured, pretty good evidence of the presence of this species at 
the alkali lakes northwest of Fort Garland, Colo., was obtained 
by the discovery of a nest, about June 25, 1873, containing two 
eggs, which a careful comparison with specimens in the Smith- 
sonian Institution satisfies me, must have belonged to this bird. 
It had evidently been deserted a short time before.”” (Henshaw, 
1875, 306.) In New Mexico and Arizona this species is 


abundant. 
593. Cardinalis cardinalis. CARDINAL. 


_ Winter visitant; rare, if not accidental. A. W. Anthony 
writes that one was taken below Denver, December 5, 1883. 
It is a rare resident in western Kansas and common southward. 


596. Zamelodia melanocephala. BLACK-HEADED GROSBEAK. 


Summer resident; common. Occurs throughout the whole 
of Colorado from the plains to 8,000 feet, and breeds every- 
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where. Arrives about the middle of May and breeds about the 
first of June. Departs south in September. W. P. Lowe 
reports seeing several in the Wet Mountains at an altitude of 
10,000 feet. 


597a. Guiraca cerulea eurhyncha. WESTERN BLUE Gros- 

BEAK. 

Summer resident; not uncommon, locally. A southern 
species, known from South Dakota, southwesterly across south- 
eastern Colorado to southern Utah. All the records for Colorado 
come from the Arkansas Valley, where it is reported by Aiken, 
Lowe and Beckham as not uncommon and breeding at Pueblo. 
Capt. P. M. Thorne also saw two at Fort Lyon. Arrives late 
in May. 


598. Passerina cyanea. INDIGO BUNTING. 

Summer visitant; rare, if not accidental. An eastern spe- 
cies, coming regularly only to eastern Kansas. ‘Taken twice in 
Colorado; once by C. E. Aiken in El] Paso County, while the 
other specimen is in the Maxwell Collection, without any record 
as to when or where it was taken. 


599. Passerina ameena. LAZzULI BUNTING. 

Summer resident; abundant. From the plains to the 
lower foothills, an abundant and characteristic species, breeding 
everywhere. A few breed at 7,000 feet and occasionally wander 
a thousand feet higher. Taken by Capt. P. M. Thorne at Fort 
Lyon and breeds east to western Kansas. Arrives early in May 
and breeds about the middle of June. One was taken by Prof. 
C. P. Gillette July 7, 1896, on Little Beaver Creek, Larimer 
County, at an altitude of 9,100 feet. 


604. Spiza americana. DICKCISSEL. 

Summer resident; rare. Occurs only on the plains and at 
the foothills east of the Rocky Mountains. A few pairs spend 
the summer each year on the plains near Fort Collins and they 
have been noted at various places froin there to Fort Lyon 
where Capt. P. M. Thorne saw six June 22, 1884. In five years 
residence there, these were the only ones seen. Farther east in 
Kansas it becomes one of the commonest birds. 


605. Calamospiza melanocorys. LARK BUNTING. ° 
Summer resident; abundant. The most common summer 
bird on the plains. Locally known as the “Bobolink.” Much 
more common east than west of the mountains. Breeds on the 
plains and in the foothills to about the limit of cultivated fields 
at 8,000 feet. Becomes rapidly less numerous after passing the 
lowest foothills. Arrives the first week in May spreading over 
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all the plains region in a few days. The females arrive about 
a week later than the males. Begins to migrate south late in 
August and disappears the latter part of September. 


607. Piranga ludoviciana. Louisiana TANAGER. 


Summer resident; common. In migration occurs on the 
plains for 50 to 75 miles east of the foothills. It is common at 
Pueblo, but 80 miles east of there at Fort Lyon, Capt. P. M. 
Thorne did not see one in five years’ residence. It was taken 
however at Finney County, southwest Kansas as a rare straggler, 
May 20 and June 1, 1893. During the breeding season it deserts 
the plains and is common at 10,000 feet. Few breed below 
7,500 but some as low/as 6,000 feet. Arrives on the plains the 
middle of May and moves into the mountains early in June. 
Breeds the last of June and remains in the mountains until 
September. ‘The last leave the State late in October. 


[608. Piranga erythromelas. SCARLET TANAGER. 


A male was taken by Mr. Bond at Cheyenne, Wyo., May 28, 1889. (Auk, 
VI. 1889, 341.) The bird is common a little farther east, but has no Colorado 
record. ‘This individual may have crossed Colorado to reach Cheyenne, which 
is just over the Colorado liue, or it may have passed westward up the Platte]. 


610a. Piranga rubra cooperi. COOPER’S TANAGER. 

Summer visitant; rare or accidental. A southern species 
common in New Mexico and Arizona, but scarcely coming north 
to Colorado. Only-one specimen known, taken by Henshaw at 
Denver, May 10, 1873. (Henshaw, 1875, 239.) 


611. Progne subis. PURPLE MARTIN. 


Summer resident; not common and local. Appears to be 
almost entirely lacking along the eastern slope of the Rocky 
Mountains and the plains at their base. As common in Utah 
as in the east and not uncommon in the extreme western part 
of Colorado. Again to the eastward, it is common in Kansas 
and extends a little way across the border into Colorado. In 
eastern Colorado, it arrives the last week of April and remains 
to breed on the plains. In western Colorado it arrives about 
the same time, but goes into the mountains for the summer, 
breeding from 6,000 to 8,000 feet; farther west in Utah it 
breeds both in towns on the plains and in the mountains. 


612. Petrochelidon lunifrons. CLIFF SWALLOW. 


_ Summer resident; abundant. Breeds everywhere from the 
plains to 10,000 feet, nesting both on cliffs and under eaves. 
Arrives the last of April and first half of May. Breeds late in 
June, There is so long a time between its arrival and the be- 
ginning of nest building that breeding occurs at about the same 


time on the plains and in the mountains over the whole of 
Colorado. 
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613. Chelidon erythrogastra. BARN SWALLOW. 

Summer resident; common. Breeds on the plains and in 
the mountains to 10,000 feet, but nowhere in such numbers as 
luntfrons or thalasstna. Arrives the last of April. Breeds in 
June and often raises two broods. H. G. Smith says that the 
same pair returned to his place in Denver to breed for fifteen 
consecutive years. 


614. Tachycineta bicolor. TREE SWALLOW. 

Summer resident; not uncommon, but rare fora Swallow. 
Breeds occasionally on the plains and more frequently in the 
mountains to 10,000 feet. Arrives in April and breeds from the 
last of May to the last of June. Departs in September. 


615. Tachycineta thalassina. VIOLET-GREEN SWALLOW. 

Summer resident; abundant, locally. Throughout west- 
ern Colorado and east to the edge of the plains. A few breed 
on the plains, but more commonly from 6,000 to 10,500 feet. 
Arrives from the first week in May on the plains to the last of 
the month in the mountains. Begins laying late in June to the 
first of July. Deserts the higher regions in August and the 
lower early in September. 


616. Clivicola riparia. BANK SWALLOW. 

Summer resident; rare. The rarest Swallow in Colorado. 
Arrives the last of April and breeds on the plains and at the 
base of the foothills. 


617. Stelgidopteryx serripennis. ROUGH-WINGED SWALLOW. 

Summer resident; not uncommon. Much more common 
than the Bank Swallow. Breeds near streams on the plains 
and in the lower portions of the mountains below 7,500 feet. 
Arrives early in May. 


618. Ampelis garrulus. BOHEMIAN WAXWING. 

Winter resident; not uncommon. Irregular in its move- 
ments and numbers. Has been noted at one time or another 
from most of the State; rather rare on the plains and more 
common in the mountains to at least 8,o00 feet. Breeds north 
of the United States and reaches southern Colorado in Novem- 
ber; remaining through the winter. The bulk leave late in 
February or early March. Has been taken at Denver by H. G. 
Smith as late as March 22, 1884. 


619. Ampelis cedrorum. CEDAR WAXWING. 

Resident; not common; local and irregular. Scattered 
over the lower portions of the State during the fall, winter and 
spring. Breeds on the plains and in the mountains to about 
9,000 feet. Breeds about the middle of June. 
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621. Lanius borealis. NORTHERN SHRIKE. 

Winter resident; common. Breeds north of the United 
States and comes south to Colorado in October. Makes its first 
appearance high up on the mountains above timber-line and 
later descends to the plains. Quite common at the western edge 
of the plains where food, in the shape of Shore Larks, is abund- 
ant. Also winters less commonly in the mountain parks to 
9,500 feet. Departs northward in March. 


622a. Lanius ludovicianus excubitorides. WHITE- 

RUMPED SHRIKE. 

Summer resident; common. Arrives from the south soon 
after the Northern Shrike leaves, early in April, and is quite 
common through the summer on the plains. Less common in 
the mountains to about 9,500 feet. On the plains breeds late 
in May and sometimes raises two broods. 


624. Vireo olivaceus. RED-EYED VIREO. 

Summer resident; rare. An eastern species coming only 
west to the base of the foothills. Allen took itin the mountains 
at 11,000 feet, but this-must be considered as an accidental oc- 
currence. Arrives late in May and leaves in September. 
Capt. P. M. Thorne took it at three different times at Fort Lyon, 
where he marks it as tolerably common. Prof. Wm. Osburn 
saw but one at Loveland in several years of active collecting. 
There are both male and female in the Maxwell Collection. 


627. Vireo gilvus. WARBLING VIREO. 

Summer resident; common. ‘The most common Vireo in 
Colorado. Arrives on the plains the first week in May and at 
its upper range in the mountains by the last of the month. 
Breeds sparingly on the plains and abundantly in the mountains; 


almost as common at 10,000 feet in summer as lower down. 
Breeds about the first of July. 


629a. Vireo solitarius cassinii. CASSIN’S VIREO. 

Rare or accidental summer visitant; not known to breed. 
A southwestern species not regularly reaching north to Colorado. 
There was a specimen in the Maxwell Collection that may or 
may not have been taken in this State. Mr. H. G. Smith took 
one near Denver May 13, 1888, and the specimen was identified 
by Ridgway. (Nidologist, III. 1896-7, 76.) 


629b. Vireo solitarius plumbeus. PLUMBEOUS VIREO. 
Summer resident; common. Extends east at least to the 

base of the mountains and a few miles out on the plains. 

Arrives early in May. Breeds in the foothills and among the 


mountains to rather over 9,000 feet. Nests among the pines, 
but in migration occurs everywhere. 
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636. Mniotilta varia. BLack AnD WHITE WARBLER. 

Summer visitant; rare. An eastern species scarcely com- 
ing west of central Kansas. Has been taken twice, once by 
Minot at Boulder, June 1, 1880 (B. C. N. O. V. 1880, 223), and 
Geo. F. Breninger writes that he took one at Table Rock, on 
the Divide between Denver and Colorado Springs. Not known 
to breed in Colorado, though breeding in corresponding lati- 
tudes in Kansas. 


644. Helminthophila virginiz. VirGINIA’s WARBLER. 

Summer resident; commou. Most common at the limit of 
its eastern extension at the base of the foothills and though so 
common there it is not known a few miles out on the plains at 
Pueblo. ‘This is one of the few exceptions to the rule that any 
western species found in the foothills follows down the Arkan- 
sas at least as far as Pueblo. Through western Colorado it is 
abundant in migration and in many places is the most com- 
mon Warbler during the breeding season, Breeds veryecom- 
monly along the eastern slope of the Rocky Mountains from 
the foothills to 7,500 feet. Arrives the first week in May and 
breeds about the middle of June. Leaves the State late in 
September. 


646. Helminthophila celata. ORANGE-CROWNED WARBLER. 

Summer resident; not uncommon. Quite common in 
migration, extending over the plains and a little ways into the 
mountains. Over the former it is known only asa migrant; 
in the latter it breeds from about 6,000 to 9,000 feet, but is 
rare above 8,000 feet. Arrives the first week 1n May and leaves 
late in September or early October. 


646a. Helminthophila celata [lutescens. LUTESCENT 

WARBLER. 

Summer resident; not uncommon. ‘The western form of 
the Orange-crowned Warbler, coming east as far as the eastern 
base of the Rocky Mountains at Denver and at Colorado Springs. 
Movements and habits so far as known the same as the Orange- 
crowned Warbler. ‘There is no doubt that the two forms occur 
in Colorado, and that in general one inhabits eastern Colorado 
and the other western, but whether their habitats meet or over- 
lap, and their relative distribution in the mountains during the 
breeding season, are points that need further elucidation. 


647. Helminthophila peregrina. TENNESSEE WARBLER. 
Migratory; rare. Only known from eastern Colorado at 

the base of the Rocky Mountains, where it has been taken in 

El] Paso County by Aiken, at Boulder by Minot, at Loveland by 


8 


114 BIRDS OF COLORADO. 


Osburn and Smith, and there are both male and female in the 
Maxwell Collection. Passes through Colorado the latter half 
of May. 


648. Compsothlypis americana. PARULA WARBLER. 

Summer resident; rare. An eastern species coming 
scarcely west to the foothills of the Rocky Mountains. Has 
never been taken in the northern part of Colorado, but from 
Colorado Springs south and southeast a few occur each summer. 
Arrives early in May. 


652. Dendroica estiva. YELLOW WARBLER. | 

Summer resident; abundant. The commonest Warbler 
that breeds on the plains. Arrives the first week in May and 
breeds both on the plains and in the mountains to 8,000 feet, 
though rather more common at the lower altitudes. 


652a. Dendroica zstiva sonorana. SONORA YELLOW WAR- 

"BLER. ‘ 

Summer resident; probably common. ‘To the southwest- 
ward the eastern form of the Yellow Warbler shades into the 
Sonora variety. It is not yet known with definiteness, where 
the dividing line should be drawn. In his original description 
of sonorana, Mr. Brewster says that a Colorado specimen is a 
fair intermediate between sonorana and morcomz. (Auk, V. 
1888, 139.) A specimen taken by Capt. P. M. Thorne at Fort 
Lyon, Mr. Brewster marks as not typical but nearest sonorana. 
If this view is finally adopted, it will probably include under 
sonorana many of the Yellow Warblers of southern and especi- 
ally southwestern Colorado. 


654. Dendroica cerulescens. BLACK-THROATED BLUE WAR- 

BLER. 

Migratory; rare. The only Colorado record is that of a 
specimen taken in the vicinity of Denver by Mr. H. G. Smith, 
May 24, 1888. (Nidologist, III. 1896-7, 76.) In the Auk, XI. 
1894, 182, the present writer recorded a specimen at Colorado 
Springs that he was assured had been shot in that vicinity. 


Further investigation has shown that the bird came from with- 
out the State. 


655. Dendroica coronata. MyrrLe WARBLER. 


Migratory; not uncommon. Arrives the last of April or 
early in May and is not uncommon for two or three weeks along 
the base of the foothills and on the plains. Migrates from ten 
days to two weeks ahead of axdubonz, but in May the two species 
are often found together. A few go into the foothills to 9,000 feet. 
Scarcely known west of the Rocky Mountains. ‘The last leave 
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by the middle of May. Breeds from the northern United States 
northward. Much less common during fall migration. 


656. Dendroica auduboni. AupDUBON’s WARBLER. 


Summer resident; abundant. During the summer this is 
the most common Warbler among the higher mountains. Ar- 
rives on the plains early in May and in migration is very com- 
mon at the western edge of the plains and less and less common 
eastward to western Kansas. Is known on the plains only asa 
migrant. Extends into the mountains the middle of May and 
by the last of the month has reached the upper limit of its 
range. Breeds from 7,500 to 11,000 feet and is most common 
above 9,000 feet. Laying begins from the last of May in south- 
western Colorado to the middle of June in the north-central 
part of the State. The last leaves the plains for the mountains 
the last week in May. Begins to return in August; during Sep- 
tember is common in the lower parks and appears on the plains. 
Leaves the State in October. 


657. Dendroica maculosa. MAGNOLIA WARBLER. 

Migratory; rare. In migration extends westward to the 
western edge of the plains, where one was taken by Henshaw 
at Denver May 17, 1873. Capt. P. M. Thorne has also taken 
one at Fort Lyon May 17, 1884. Breeds in the northern 
United States and northward. 


658. Dendroica rara. CERULEAN WARBLER. 

Migratory; rare. The only Colorado record is the one 
seen by Henshaw at Denver May 17, 1873. An eastern species 
common in Kansas during migration and rarely breeding in that 
State. 

[659. Dendroica pensylvanica. CHESTNUT-SIDED WARBLER. 


One was taken by Mr. Bond at Cheyenne, Wyo., May 23, 1889. (Auk, 
VI. 1889, 341.) This is only just over the line from Colorado, and the bird, 
which is a common species a little farther east, may have crossed Colorado or 
may have passed westward up the Platte River. ] 


661. Dendroica striata. BLACK-POLL WARBLER. 

Summer resident; rare. An eastern species coming rarely 
but regularly west to the Rocky Mountains. Occasionally com- 
mon in migration, both on the plains and at the base of the foot- 
hills. The only record of breeding in Colorado, and the most 
southern in the United States, is that of H. D. Minot who found 
it as a summer resident at Seven Lakes, near Manitou, at an alti- 
tide-of 11,000 feet. (BN. O7'C. V. 1880, 223.) Reaches 
Colorado about the middle of May. 


664. Dendroica graciz. GRACE’S WARBLER. 
Summer resident; common in extreme southwestern Colo- 
rado. A southwestern species reaching its extreme northern 
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limit in southern Colorado. F.M. Drew says that it is common 
on the tributaries of the San Juan River, breeding in the pines 
from 6,000 to 7,000 feet. (B. N. O. C. VI. 1881, 85.) In La 
Plata County, Chas. F. Morrison found them not common and 
took eggs in May at 8,500 feet. A most surprising occurrence 
was the appearance of a small flock of these birds in the spring 
of 1889 at Loveland, where they were seen by Prof. Wm. Osburn 
and one secured April 25. At the request of the present writer, 
the specimen has been lately re-examined and there is no doubt 
of the identification. 


665. Dendroica nigrescens. BLACK-THROATED GRAY WAR- 

BLER. 

Summer resident; rare. A western species coming north 
to north central Colorado and east to the base of the foothills, 
but never common. Arrives early in May. Has been taken at 
Silverton, 9,500 feet, May 30, and at Idaho Springs, 7,800 feet, 
May 23. Its breeding range in the State has not been satisfac- 
torily determined. 


668. Dendroica townsendi. TTOWNSEND’S WARBLER. 

Summer resident; not uncommon. A western species 
coming east regularly to the base of the foothills and a few 
miles out on the plains. The most eastern record is that of 
Capt. P. M. Thorne at Fort Lyon, one only seen, May 26, 1883. 
Rare on the plains at any time and then only as a migrant, 
passing north the latter part of May and returning in Septem- 
ber. In the mountains it is rather common during the fall mi- 
gration from 7,500 to 10,000 feet. Rather rare in summer, 
breeding from 5,500 to 8,ooo feet in western Colorado. No 
record of its breeding east of the Rocky Mountains. 


674. Seiurus aurocapillus. OVEN-BIRD. 

Summer visitant; rare or accidental. The only fully au- 
thentic record for Colorado is the single specimen taken by Dr. 
C. Wernigk at Denver in June, 1862. It will probably yet be 
found as a rare visitant to northeastern Colorado, since it is not 
uncommon a short distance from the State line. 


675a. Seiurus noveboracensis notabilis. GRINNELL’S 
WATER THRUSH. 


Migratory; rare. Recorded from Denver, Boulder, Neder- 


land, Loveland and Fort Lyon, i. e., from the plains to 8,000 


feet. Passes through Colorado the latter part of May. Not 
known to breed. ‘ 


680. Geothlypis macgillivrayi. MacGILLIVRAY’S WARBLER. 


Summer resident; common. Arrives early in May and 
breeds from the base of the foothills to 9,000 feet. Laying begins 
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the latter part of June. Leaves the mountains in August and 
the State in September. One of the most common Warblers of 
western Colorado. Comes east commonly to the edge of the 
plains and rarely to Fort Lyon, where it was seen occasionally 
and taken by Capt. P. M. Thorne. 


681a. Geothlypis trichas occidentalis. WESTERN YELLOW- 

THROAT. 

Summer resident; conmmon. Almost confined to the 
plains, where it is common in migration and not uncommon as 
a breeder. Is found on both sides of the range, but only in the 
lowest portions scarcely coming up to 6,000 feet; much less 
common in western Colorado than eastern. Arrives the first 
week in May, but sometimes reaches northern Colorado by the 
middle of April. 


683. Icteria virens. YELLOW-BREASTED CHAT. 

Summer visitant; accidental. The typical form from the 
east was found by Say in the Rocky Mountains at the head- 
waters of the Arkansas. (B. B. and R. Birds of N. Am.) 


683a. Icteria virens longicauda. LONG-TAILED CHAT. 

Summer resident; common. Scarcely found in the mount- 
ains, but common in the lower foothills and on the plains. 
Does not breed above 6,500 and is never seen above 8,000 feet. 
Found throughout the State, but most common at the western 
edge of the plains. Arrives the first week in May and laying 
begins the first week in June. 


685. Sylvania pusilla. WILSON’s WARBLER. 

Summer resident; abundant. In migration is common or 
abundant throughout the State, in about equal numbers on the 
plains and in the mountains. Arrives on the plains about the 
middle of May and is common for ten days to two weeks. By 
June 1 has left the plains for the north or gone into the mount- 
ains. During the month of June, is moving up the mountains 
and by the end of June is at its summer home just above timber- 
line where during July it is the most numerous insect-eating 
bird. Laying begins the last of June; young are able to fly by 
the latter part of July. The center of abundance during the 
breeding season is about 11,000 feet, but it has been known to 
breed from 6,000 to 12,000 feet. Is very common in the upper 
parks in August during its fall descent; reaches the lower parks 
in September; the plains in October and leaves the State late 
in this month. 


685a. Sylvania pusilla pileolata. PILEOLATED WARBLER. 


Migratory; rare. This is the western form, found regularly 
from the Great Basin to the Pacific. A specimen taken by 
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Geo. F. Breninger at Fort Collins May 22, and now in the mu- 
seum of the Agricultural College is almost typical f2/eolaia, 
much nearer that than pusz//a. ‘This is the only record for 
Colorado about which there isno doubt. | Several other records 
probably refer to pusez/la. 


687. Setophaga ruticilla. AMERICAN REDSTART. 

Summer resident; not uncommon in eastern Colorado; 
rather rare in western Colorado. In migration on the plains 
and in the foothills it is fairly common. Arrives about the 
middle of May. A few breed on the plains and it is not 
uncommon as a breeder in the mountains below 8,000 feet. 
Trippe saw a female in July at timber-line, but this is 3,000 feet 
above its normal range. 


697. Anthus pensilvanicus. AMERICAN PIPIT. 

Summer resident; common. In migration occurs through- 
out the State; breeds only on the summits of the mountains. 
Arrives on the plains the last of April and it is about a month 
later that the last have departed into the mountains. Through 
May it is in the higher mountain parks and by June has 
ascended above timber-line toits summer home. Laying begins 
early in July, as soon as the first grass has started. Most nests 
are made between 12,000 and 13,000 feet, the lowest known 
being one on Mount Audubon at 11,000 feet, found with fresh 
eggs July 3. Never goes below timber-line during the breeding 
season. In August many wander to the tops of the peaks at 
14,000 feet. At this time they gather into flocks and remain 
high until late in the season. They descend into the upper 
parks the last of September and some remain above timber-line 
until October. During October they come back to the plains 
and leave the State in November. 


701. Cinclus mexicanus. AMERICAN DIPPER. 


Resident ; common in suitable localities. Remains near 
open water all the year. In winter this brings it down to the 
foothills and larger mountain streams, usually between 6,000 
and 9,000 feet, but it has been noted clear down to the plains. 
Common all winter in the Cafion of the Grand River as far 
down as Glenwood Springs at about 5,500 feet. Moves back 
into the mountains as soon as the streams thaw out in April and 
spends the summer from 8,000 feet to just below timber-line. 
No record of any nest being found lower than 8,000 feet, but the 
present writer saw several pairs on the Cache La Poudre the 
last of July, that, if they nested higher, must have descended 
very early. Laying begins the last of May and early in June. 
Remains high in the mountains as late as possible, until it is 
forced by the coldest weather to descend to the lower valleys. 
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D. D. Stone records the shooting of one at Hancock, October 16, 
at 10,000 feet. It was in open water in the ice onalake. Snow 
had been on the ground for two weeks and it was snowing at 
the time.-7(O, iQ, VII. 1882, 181,) 


702. Oroscoptes montanus. SAGE THRASHER. 

Summer resident; not uncommon. Comes east as far as 
the edge of the plains and is about in equal numbers along the 
eastern slope of the mountains and in western Colorado. Ar- 
rives early in April and breeds from the plains to nearly 10,000 
feet. Leaves the State late in October. 


703. Mimus polyglottos. MOCKINGBIRD. 


Summer resident; not uncommon, locally. In southeast- 
ern Colorado, along the Arkansas from Pueblo eastward, as 
abundant as at any place in the south. Fairly common north 
to Colorado Springs and thence is not common and irregular 
over the rest of the State east of the mountains. According to 
Ridgway, C. E. Aiken was the first to record the mockingbird 
from Colorado (Bul. Essex Inst. V. 1873, 178) but this is an error, 
since it was found by Maj. Long’s party, with nests and young 
at the Platte River near where Brighton now stands, July 4, 
1823. H.G. Smith reports them as quite common in 1895 
along Clear Creek near Denver and W. G. Smith says they used 
to breed on the Big Thompson near Loveland. F. M. Dille 
says that they used to breed abundantly in Greeley but left for 
isolated places because their young were so much sought. 
They breed regularly in the Republican Valley at the eastern 
end of Arapahoe County. During the summer of 1896, two 
pairs took up their residence on the grounds of the Agricultural 
College at Fort Collins where they had never before been seen. 
Four other pairs were noted in the neighboring foothills to 
about 6,000 feet. They have several times been seen at Chey- 
enne and Dr. Jesurn reports the capture of an adult male April 30, 
1894, at Douglas, Wyo., 150 miles north of Cheyenne. Arrives in 
southern Colorado the latter part of April and breeds early in 
June. Breeds mostly on the plains, but occasionally in the 
foothills to 8,000 feet. 


704. Galeoscoptes carolinensis. CATBIRD. 


Summer resident; common. Breeds from the plains to 
about 8,000 feet. Arrives early in May and breeds the latter 
part of June. Shy, but fairly common on the plains and the 
eastern slope of the Rocky Mountains; rare in western Colorado. 
Nowhere in the State is it so common as in most parts of the 
Mississippi Valley. Returns from the mountains to the plains 
in August. 


——<— = 
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705. Harporhynchus rufus. BRowN THRASHER. 

Summer resident; not uncommon. Almost confined to 
the plains and only east of the mountains, which it barely pen- 
etrates to 7,500 feet. Arrives about the middle of May and 
breeds throughout its range. 


708. Harporhynchus bendirei. BENDIRE’S THRASHER. 

Summer visitant; accidental. One shot by Brewster at 
Colorado Springs, May 8, 1882. The first and only record north 
of Arizona. (B. N. O. C. VIII. 1883, 57.) 


715. Salpinctes obsoletus. RocK WREN. 

Summer resident; common. More particularly a bird of 
the foothills and mountains, but extending eastward over all 
the plains region to Kansas. Breeds on the plains, but more 
commonly in the mountains from 6,000 to 9,000 feet; much less 
commonly to 12,000 feet. Arrives on the plains the middle of 
April and laying begins the latter part of May. At the upper 
part of its range each of these dates is about a month later. 
Leaves the mountains in September and the State the latter part 
of October. 


717a. Catherpes mexicanus conspersus. CANON WREN. 

Resident; rare. There are but few records of this species 
in Colorado. It comes east to the eastern base of the Rocky 
Mountains and north as far as Boulder where A. W. Anthony 
saw several November 23, 1892. In the winter it has been 
noted by C. KE. Aiken at Fountain and the present writer saw 
it the winter of 1895-6 in the Cafion of the Grand River near 
Glenwood Springs. Rather more common in the mountains of 
south-central Colorado where, according to W. P. Lowe, it 
breeds and is occasionally seen as high as 8,000 feet. "The only 
nest recorded to date is the one with five fresh eggs found by 
jae Zi Minot at Manitou June 8, 1880. (B.N. O. C. V. 1880, 
222; 


719b. Thryothorus bewickii leucogaster. BA1RD’s WREN. 

Summer resident; rare. Only four records for Colorado 
and all on the plains east of the mountains; known however 
from southern Utah and Arizona and hence will probably yet 
be found in the lowest portions of western Colorado. Capt Ps 
M. Thorne shot one at Fort Lyon, April 27, 1886. C. E. Beck- 
ham took one at Pueblo, H. G. Hoskins writes that he has seen 
several near Burlington and W. G. Smith took it at Loveland. 


721b. Troglodytes aédon aztecus. WESTERN House WREN. 


Summer resident; common i igrati 
Sf Guieuacee uae on, Occurs in migration over all 
© below the pine region and though it breeds through- 
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out its range, yet in Colorado, it breeds much more commonly 
in the mountains than on the plains. Arrives on the plains 
the last of April and in the mountains the middle of May. 
Breeds from the plains to 10,000 feet. Raises two broods and 
often three. Laying begins the first of June and continues 
until late in July. Comes down from the mountains in Septem- 
ber and soon after leaves the State. 


722. Troglodytes hiemalis. WINTER WREN. 

Resident ; rare. Has been noted but a few times in Colo- 
rado. The honor of including it among the breeders of the 
State belongs to Prof. C. P. Gillette of Fort Collins who found 
several July 7, 1896, in the mountains thirty miles west of Fort 
Collins at an altitude of 8,000 feet. They were in company with 
aztecus. ‘Though no nests were found, they were evidently 
breeding at the time. Later in the same season the present 
writer saw several birds along the Big Thompson in, Estes 
Park at about 7,000 feet. One was taken in Denver October 
13, 1891, by Mr. H. G. Smith. (Nidologist III. 1896-7, 76.) 


725a. Cistothorus palustris paludicola. TULE WREN. 

Summer resident; not uncommon, locally. Rather more 
common in southern Colorado than northern, and more common 
at the base of the foothills than farther east on the plains. 
Arrives usually the last of April, but Prof. Wm. Osburn writes 
that he took two unusually early migrants at Loveland in March, 
1889. Laying begins about the middle of June. Breeds on the 
plains and up to 8,000 feet. Remains in the State until late in 
September. Mr. A. A. Bennett writes that he has seen them 
in Routt County in January. There are some hot water swamps, 
and the Wrens stay in them all winter. 


726b. Certhia familiaris montana. Rocky MOUNTAIN 

CREEPER. 

Resident; common. In migration and during the winter 
occurs on the plains, where typical mox¢ana has been taken by 
Capt. P. M. Thorne as far east as Fort Lyon. At the same 
time it is also found at timber-line where it is resident all the 
year. ‘The center of abundance during the winter is from 7,000 
to 9,000 feet. During the breeding season it is confined to the 
immediate vicinity of timber-line and is there quite plentiful. 
Leaves the plains in April and breeds in June. 


727. Sitta carolinensis. WHITE-BREASTED NUTHATCH. 
Resident; not common. The A. O. U. Check List gives 
the geographical distribution of the typical form as “west to 
the Rocky Mountains,” while acw/eata is given as coming “east 
to the plains.”” ‘Thus the two forms would intermingle in east- 
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ern Colorado. ‘Ihe only one who has formally noted both forms 
is V. L. Kellogg, who reports finding both in, Estes Park during 
the summer. (Trans. Kans. Acad. Science, XII. 1889-90, 86.) 
A specimen taken at Fort Collins is a fair intermediate between 
the two forms. Not enough material has been collected to de- 
fine its range in Colorado. 


727a. Sitta carolinensis aculeata. SLENDER-BILLED NutT- 

HATCH. 

Resident; common. This is the common form in Colo- 
rado occurring throughout the State from the foothills westward. 
Winters at the edge of the plains and in the foothills, less com- 
monly nearly to the pines. Breeds occasionally down to the 
plains, but commonly from about 7,500 feet to timber-line. Its 
upward movement occurs in April and it breeds the last of May 
and early in June. Returns to the lower regions in October. 


728. Sitta canadensis. RED-BREASTED NUTHATCH. 

Resident; not uncommon. Migratory on the plains and 
resident in the mountains to about 8,000 feet, occasionally to 
10,000 feet. Jess common than the Slender-billed or the Pygmy 
Nuthatches. Breeds in June. 


730. Sitta pygmza. PyGmy NUTHATCH. 


Resident; abundant. Comes east only to the edge of the 
plains and occurs there only in the winter. Descends from the 
mountains in December and remains through until February. 
By the first of March all have returned to the mountains. At 
the same time they are fully as abundant in the mountains, 
braving the severest cold to at least 8,000 feet. During the 
summer they are most common from 7,000 to 10,000 feet and a 
few breed as low as 6,000 feet. The great bulk scarcely make 
any migration, even vertical. Begins to pair in April and laying 


peers the latter part of May. Probably two broods are often 
reared. 


7334. Parus inornatus griseus. Gray TITMOUSE. 


Resident; not common. Known only from southern Colo- 
tado, coming north to El Paso County and east to the eastern 
foothills. It has been taken from 5,000 to 9,000 feet and is 
known to breed, but its breeding range is not yet definitely de- 


termined. It seems probable that it winters in the foothills 
and breeds from 5,000 to 8,000 feet. 


7358. Parus atricapillus septentrionalis. LONG-TAILED 
CHICKADEE. 


Resident; not uncommon. Winters on the plains and 
in the foothills, occasionally up to 8,000 feet. Breeds in the 
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mountains from 7,000 to 10,000, rarely above 9,000 feet and 
rather uncommon breeding on the plains. - 


738. Parus gambeli. MOUNTAIN CHICKADEE. 

Resident; abundant. The most common ‘Titmouse in 
Colorado. Occasionally comes down to the plains in the fall and 
winters as fareastas Pueblo. Resident in the mountains nearly 
to timber-line. Leaves the lowlands in April and nests from 
8,000 feet to timber-line, ranging in the fall to the tops of the 
loftiest peaks. Breeds early in June. 


744. Psaltriparus plumbeus. LEapD-COLORED BusH-TIT. 

Resident; not common. Western Colorado, coming east 
to the eastern foothills, wintering up to 6,500 and breeding from 
the plains to 7,800. The only records are those of C. E. Aiken 
and W. P. Lowe. 


748. Regulus satrapa. GOLDEN-CROWNED KINGLET. 

Summer resident; rare, breeding; rather common, in mi- 
gration. Arrives late in April and is present on the plains but 
a few days; returning, leaves the last of September. Less com- 
mon than the Ruby-crown and the few that remain to breed in 
Colorado, range higher than the bulk of the Ruby-crowns. In 
migration occurs through the State; breeds only near timber- 
line at about 11,000 feet. Breeds early in July. 


749. Regulus calendula. RUBY-CROWNED KINGLET. 

Summier resident; abundant, both in migration and 
breeding. Although very common during the breeding season 
near the timber-line, but few nests have ever been taken. The 
first one known to science was taken by J. H. Batty, near 
Buffalo Mountains June 21, 1873, and contained five young and 
one egg. During the same year, Henshaw found a nearly fin- 
ished nest at Fort Garland June 11.. W. E. D. Scott took the 
next nest with five eggs at Twin Lakes June 25, 1870, followed 
two years later by one with four young, taken by F. M. Drew 
in San Juan County July 5, 1881. D. D. Stone took a set of 
eggs in 1883, at Hancock, and saw young August 1, while 
J. A. Allen saw young on Mount Lincoln the last of July. 

Arrives on the plains early in April, passes through the 
middle mountains during May, and reaches its breeding grounds 
the last of May and early in June. Only known as a migrant 
on the plains and in the foothills, the last leaving in the spring 
migration early in May, Returns to the plains early in October 
and leaves the State the last of that moath. Breeds most com- 
monly from 9,000 feet to timber-line, less commonly 2,000 feet 
lower. It is rather queer that it should seem to breed at a lower 
altitude in southern Colorado than in northern. Begins to 
descend early in September. 
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751. Polioptila czrulea. BLUE-GRAY GNATCATCHER. 

Summer resident; rare. Not known north of El Paso 
County nor west of the mountains. Breeds on the plains and 
in the foothills to 7,000 feet. H.W. Nash found a nest at 
Pueblo June 22, containing two young and a cowbird’s egg. 
Lowe notes its arrival at the same place April 27, common 
May Io. 


754. Myadestes townsendii. TOWNSEND’S SOLITAIRE. 
Resident; common. In the mountains is a permanent 
resident, winter as well as summer. Only visits the plains dur- 
ing the fall, winter and spring and then not so common as in 
the mountains and quite local. Leaves the plains about the 
first of May and returns about the middle of October, but strag- 
glers are found at the base of the foothills, both later and earlier 
than these dates. ‘Though not common except at the western 
edge of the plains, Capt. P. M. Thorne took four specimens at 
Fort Lyon and it is known as a rare fall and winter visitor in 
western Kansas. Through all the winter it can be found in 
the mountains from the lower valleys to about 10,000 feet; in 
summer it breeds from 8,o00 to fully 12,000 feet. Pairs the 
last of April and first of May and laying lasts from the first week 
in June to the middle of July. Though so abundant and well 
known, it was not until 1876 that the first nest with eggs was 
taken. This was by W. L. Lamb in Summit County July, 1876, 
at 10,000 feet; eggs about ten days incubated. T. M. Trippe 
found a nest aud four eggs at Howardsville July 9, 1880, D. D. 
Stone found two sets June 20 and one June 25, 1882, at Hancock, 
and Wm. G. Smith took fresh eggs on Buffalo Creek, Jefferson 
County, June 18, 1883. During the season of 1883 D. D. Stone 
took ten sets from June 6 to July 8 at Alpine Tunnel and Han- 


cock. After this they could no longer be called ‘‘extremely 
fare”? 


756a. Turdus fuscescens salicicola. WILLOW THRUSH. 


Summer resident; not uncommon. Occurs throughout 
the lower parts of the State, during migration as far east as 


Kansas. Breeds in the foothills and parks to about 8,000 feet. 
Arrives early in May. 


758a. Turdus ustulatus swainsonii. OLIVE-BACKED THRUSH. 

Summer resident, rare; in migration, common. ‘The bulk 
pass through Colorado on the plains and in the mountains from 
the first week in May to the last of the month, and on the 
return arrive in September and leave the State in October. A 


few remain to breed from the plains to 10,500 feet, but most 
above 8,000 feet. 
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759. Turdus aonalaschke. Dwarr HERMIT THRUSH. 

_Migratory; rare. The exact position of this bird in Colo- 
rado is not yet definitely settled. The prevailing form of Hermit 
Thrush is awdubonz, but there is a mounted specimen of the 
typical Dwarf Thrush taken at Fort Collins the first day of 
October. H. G. Smith at Denver has taken one May 13, 1887, 
and one September 26, 1884, both identified by Ridgway, and a 
third that probably should be referred to this form was taken 
there October 5, 1892. ‘These records make it sure that this 
form extends regularly during spring and fall migration as far 
east at least as the western edge of the plains. Concerning those 
sent to Mr. Ridgway, he says: ‘“ Not quite typical, being a little 
larger than the average, but are much too small for audubond 
and altogether too gray and too slender-billed for padlaszz.” 
(Nidologist, III. 1896-7, 76.) 


759a. Turdus aonalaschkz auduboni. AvUDUBON’S HERMIT 

THRUSH. 

Summer resident; common. Sometimes called the Rocky 
Mountain Hermit Thrush because it iscommon and characteristic 
of that region. ‘The most eastern record is that of Capt. P. M. 
Thorne and it is fairly common a few miles nearer the foothills 
during migration. Arrives the last of April and leaves the 
plains the last of May. Breeds in the mountains from 8,000 
feet to timber-line and occasionally to the lower foothills. At 
the lower altitude in southern Colorado laying begins early in 
June and is continued on the mountains to the middle of July. 
Returns to the lower parts in September and leaves the State 
about the middle of October. 


759b. Turdus aonalaschke pallasii. HerMir THRUSH. 

Migratory; rare. From the east the true Hermit Thrush 
comes only to the eastern edge of Colorado, thus just touching 
the range of audobont. Two young-of-the-year were taken 
September 26, 1885, by Capt. P. M. Thorne at Fort Lyon, and 
identified for him by Mr. Brewster. 


761. Merula migratoria. AMERICAN ROBIN. 

Summer resident; not common. The robins of Colorado 
shade from nearly pure mzgratorza on the plains of eastern Col- 
orado to typical Aropengua. ‘There is no definite dividing line 
between the two forms, and for two hundred miles east of the 
Rocky Mountains, birds are often found that are a fair inter- 
mediate between the two forms. Birds that can be reasonably 
assigned to the eastern form occur as far west as the base of the 
foothills, and V. L. Kellogg mentions taking Robins in Estes 
Park that were as bright as specimens from eastern Kansas. It 
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is a fair presumption that the Robins of Colorado as a whole are 
propingua, and that a few of those on the plains east of the 
mountains should be referred to mzgratorta. It is not possible 
to make any distinction between the two forms as regards mi- 
gration and breeding. 


761a. Merula migratoria propinqua. WESTERN ROBIN. 
Summer resident; abundant. The prevailing form of 
western Colorado, though specimens have been taken by Capt. 
P. M. Thorne at Fort Lyon, and it is known as a rare visitant 
to western Kansas. Much more common in the foothills and on 
the western edge of the plains than farther east. Arrives from 
the middle of March to the thiddle of April, according to the 
season, and sometimes a few winter in southern Colorado. Nest- 
ing begins the first of May and often two broods are reared, the 
latter early in July. Breeds on the plains and to 11,000 feet. 
The bulk leave the State late in November. In January, 1897, 
a few were seen at 8,000 feet among the pines of Boulder Couuty. 


765. Saxicola cenanthe. WHEATEAR. 
Accidental. A European species, straggling to New Eng- 


land and once taken by Minot at Boulder, May 14, 1880. 
CB. N..O.-C.V. 21880, 223.) 


766. Sialia sialis. BLUEBIRD. 


Summer resident; rare. The eastern form comes west to 
the base of the Rocky Mountains, thence westward its place 
being taken by .S. m. bazrdt. According to Capt. P. M. Thorne 
it nested at Fort Lyon the summer of 1*86. Beckham took it 
at Pueblo, Aiken in El Paso County. ‘There are both male and 
female in the Maxwell Collection, while Mr. Dennis Gale in- 
forms the present writer that he has several times taken it at 


Gold Hill fairly within the foothills of the Rockies. Arrives 
the last of April. 


767a. Sialia mexicana bairdi. CHESTNUT-BACKED BLUE- 
BIRD. 
Summer resident; _not common. Comes east as far as 
Pueblo, where it occurs in both spring and fall migration. Not 
uncommon along the base of the foothills and breeds from there 


up the mountains to 9,500 feet. Arrives the last of March and 
breeds about the middle of May. 


768. Sialia arctica. Mounrain BLUEBIRD. 


Summer resident; abundant. ‘The most common Bluebird 
of Colorado, far. outnumbering both the other kinds. Common 
in migration as far east as Fort Lyon and even to Kansas. Ar- 
tives in February to the middle of March according to the 
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season and probably sometimes winters. By the last of March 
has spread throughout the mountains nearly to timber-line. 
Breeds on the plains as far east as Pueblo, more commonly at 
the foothills and abundantly from 7,000 feet to timber-line. 
Breed8 on the plains the last of April and in the mountains 
during May. Sometimes raises two broods. In autumn wan- 
ders upward far above timber-line to at least 13,000 feet. Re- 
turns late to the foothills and the bulk leave in November and 
early December. 
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ADDENDA. 


Some material that has accumulated while this publica- 
tion was passing through the press necessitates some additions 
to the foregoing pages. 


Page 3. The total species known in Colorado should be 363, 
of which 230 are breeders. 


Page 11. Add Phalenoptilus nuttalli nitidus to species that 
breed on the plains. 


Page 12. Add Empidonax hammondi to species that breed 
principally in the mountains. 


Page 14. Add Bubo virginianus arcticus, Coccyzus americanus 
aud Dryobates pubescens to the stragglers or doubtful 


species. 

Page 16. SUMMARY. 
Change Totalspecies in 'Coloradoitos= == === 5 ean 363 
Change Summer, residents: {06 Sees === eee 230 
Change Breeding on plains, but not in mountains to-_ 35 
Change Breeding principally in mountains to -_-___- 21 


Change Strapglers to...) eee ie 


INDEX. 


Abert’s Towhee 108. 

aberti, Pipilo 18, 16, 45, 108. 
acadica, Nyctala 8, 12, 45, 77. 
Acanthis linaria 9, 44, 98. 


Accipiter atricapillus 8, 12, 44, 47, 74. 


striatulus 10, 14, 16, 74. 
Cooperi 8, 10, 44, 74. 
velox 8, 10, 44, 74. 

accipitrinus, Asio 8, 10, 45, 77. 

Actitis macularia 10, 18, 42, 67. 

aculeata, Sitta carolinensis, 9, 18, 42, 

122. 
acuta, Dafila 8, 11, 18, 42, 55. 
4Hchmophorus occidentalis 18, 14, 37, 
47, 49. 

Agialitis meloda circumcincta 19. 
montana 10, 18, 42, 68. 
semipalmata 14, 48, 68. 
vocifera 10, 18, 42, 68. 

seneus, Quiscalus quiscula 11, 15, 44, 

95. 


Aéronautes melanoleucus 12, 19, 42, 86. 
vestiva, Dendroica 11, 19, 42, 114. 
affinis, Aythya 9, 18, 42, 56. 
Agelaius gubernator californicus 94. 
phoeniceus 9, 11, 42, 94. 
aikeni, Junco 9, 438, 104. 
Megascops aiso 8, 12, 26, 47, 78. 
Aiken’s Screech Owl 78. 
Aix sponsa 10, 42, 55. 
Ajaja ajaja 18, 14, 15, 26, 34, 46, 59. 
alaudinus, Ammodramus sandwichen- 
sis 18, 18, 42, 101. 
alba, Guara 14, 37, 47, 59. 
albeola, Charitonetta 9, 18, 42, 56. 
albicollis, Zonotrichia 14, 15, 23, 46, 
108. 
aleyon, Ceryle 8, 10, 42, 82. 
alexandri, Trochilus 138, 16, 44, 86. 
AJjpine Three-toed Woodpecker 83. 
Ammodramus bairdii 14, 20, 43, 101. 
sandwichensis alaudinus 13, 18, 42, 
101. 
savannarum perpallidus 12, 18, 44, 


9 


American Avocet 64. 
Barn Owl 77. 
Bittern 60. 
. Coot 638. 
Crossbill 36. 
Crow 26, 92. 
Dipper 35, 118. 
Hared Grebe 31, 49. 
Golden-eye 56. 
Goldfinch 98. 
Golden Plover 68. 
Goshawk 74. 
Herring Gull 50. 
Kinglet 32. 
Long-eared Owl 77. 
Magpie 89. 
Merganser 52. 
Osprey TT. 
Pipit 118. 
Raven 91. 
Redstart 118. 
Robin 125. 
Rough-legged Hawk 75. 
Scaup Duck 55. 
Scoter 57. 
Sparrow Hawk 76. 
White-fronted Goose 58. 
White Pelican 52. 
Woodcock 64. 
americana, Anas 10, 18, 42, 54. 
Aythya 9, 18, 41, 55. 
Clangula clangula 14, 42, 56. 
Compsothlypis 18, 15, 43, 114. 
Fulica 10, 18, 48, 63. 
Grus 14, 18, 48, 62. 
Oidemia 10, 45, 57. 
Recurvirostra 10, 18, 48, 64. 
Spiza 109. 
americanus, Coccyzus 47, 82, 128. 
Corvus 8, 11, 26, 48, 92. 
Merganser 8, 12, 43, 52. 
Ampelis cedrorum 9, 11, 438, 111. 
garrulus 9, 438, 111. 
Amphispiza belli nevadensis 18, 16, 44, 
106. 
bilineata 18, 16, 44, 106. 
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amoena, Passerina 11, 19, 40, 109. 

Anas americana 10, 18, 42, 54. 
boschas 8, 10, 18, 42, 53. 
carolinensis 9, 10, 18, 42, 54. 
cyanoptera 10, 15, 18, 42, 54. 
discors 10, 18, 41, 54. 
obseura 14, 15, 48, 53. 
strepera 10, 18, 42, 53. 

anatum, Falco peregrinus 8, 10, 18, 

42, 76. 

annectens, Junco 9, 36, 47, 105. 

Anser albifrons gambeli 14, 45, 58. 

Anthus pensilvanicus 12, 18, 42, 118. 
spragueii 39. 

antillarum, Sterna 52. 

aonalaschke, Turdus 14, 16, 37, 47, 

125. 

Aphelocoma woodhousei 8, 18, 42, 90. 

Aquila chrysaétos 8, 12, 42, 75. 

Archibuteo ferrugineus 8, 10, 29, 44, 

75. 
lagopus sancti-johannis 9, 44, 75. 
Arctic Horned Owl 80. 
Tern 38, 51. 
Towhee 107. 

arctica, Sialia 9, 11, 18, 41, 126. 

arcticus, Bubo virginianus 47, 80, 128. 
Pipilo maculatus 9, 48, 107. 

Ardea candidissima 138, 32, 48, 61. 
herodias 10, 18, 42, 43, 61. 
rufescens 14, 47, 61. 

Ardetta exilis 14, 27, 47, 61. 

arenaria, Calidris 14, 27, 47, 61. 

Arenaria interpres 14, 37, 47, 69. 

arenicola, Otocoris alpestris 8, 11, 32, 

41, 89. : 

Arizona Goldfinch 99. 

arizonee, Spinus psaltria 11, 45, 99. 
Spizella socialis 11, 19, 42, 108. 

Arkansas Goldfinch 99. 

Kingbird 87. 

Ash-throated Flycatcher 87. 

Asio accipitrinus 8, 10, 45, 77. 
Megascops 8, 11, 48, 78. 
wilsonianus 8, 10, 41, 77. 

ater, Molothrus 11, 42, 93. 

atrata, Leucosticte 10, 85, 44, 98. 

atricapillus, Accipiter 8, 12, 44, 47, 74. 

atricilla, Larus 10, 14, 87, 47, 51. 

auduboni, Dendroica 12, 18, 25, 42, 115. 
Turdus aonalaschkee 12, 19, 42, 125. 

Audubon’s Hermit Thrush 125, 
Warbler 388, 115. 

aura, Cathartes 10, 18, 42, 47, 73. 

auratus, Colaptes 10, 15, 21, 41, 85. 

auritus, Colymbus 18, 14, 48, 49. 

aurocapillus, Seiurus 18, 15, 44, 116. 

australis, Leucosticte 8, 12, 22, 42, 98. 

Avocet, American 64, 


INDEX. 


Aythya affinis 9, 18, 42, 56. 
americana 9, 18, 41, 55. 
collaris 14, 42, 56. 
marila nearctica 10, 43, 55. 
vallisneria 9, 18, 42, 55. 
aztecus, Troglodytes zdon 19, 21, 41, 
120. 


bairdii, Ammodramus 14, 20, 48, 101. 
Dryobates scalaris 8, 13, 15, 47, 83. 
Sialia mexicana 9, 12, 18, 42, 126. 
Tringa 14, 18, 48, 65. 

Baird’s Sandpiper 65. 

Sparrow 82, 101. 
Wren 120. 

Bald Hagle 76. 

Baldpate 54. 

Baltimore Oriole 3, 95. 

Band-tailed Pigeon 72. 

Bank Swallow 111. 

Barn Swallow 111. 

Barrow’s Golden-eye 8, 56. 

Bartramia longicauda 11, 42, 67. 

Bartramian Sandpiper 67. 

Batchelder’s Woodpecker 83. 

Belted Kingfisher 82. 

bendirei, Harporhynchus 14, 15, 25, 46, 

120. 

Bendire’s Thrasher 4, 21, 25, 120. 

bernicla, Branta 14, 15, 46, 59. 

bewickii, Thryothorus 39. 

Bicolored Blackbird 94. 

bicolor, Tachycineta 18, 19, 42, 111. 

bilineata, Amphispiza 13, 16, 44, 106. 

Bittern, American 60. 

Least 61. 

Black and White Warbler 113. 
-bellied Plover 68. 

-billed Cuckoo 82. 
-billed Magpie 29. 

Blackbird, Bicolored 94. 
Brewer’s 95. 
Red-winged 94. 
Rusty 95. 
Yellow-headed 98. 

Black-chinned Hummingbird 86. 
-crowned Night Heron 61. 
Duck 58. 

-headed Grosbeak 28, 108. 

Leucosticte 98. 

-poll Warbler 115. 

-necked Stilt 64. 

Swift 3, 86. 

Tern 52. 

-throated Blue Warbler 114. 
Gray Warbler 116. 
Sparrow 106. 

Bluebird 8, 34, 39, 126. 
Chestnut-backed 126. 

Mountain 126. 
Rocky Mountain 29. 


INDEX. 


Blue Crow 21. 

Gray Gnatcatcher 124. 
-winged Teal 54. 

Bobolink 8, 93. 

Bob-white 69. 

Bohemian Waxwing 37, 111. 

Bonaparte’s Gull 51. 

Bonasa umbellus umbelloides 8, 12, 42, 

70. 
borealis, Contopus 12, 19, 42, 88. 
Cypseloides niger 13, 16, 30, 46, 86. 
Lanius 9, 48, 112. 
Numenius 68. 

boschas, Anas 8, 10, 18, 42, 53. 

Botaurus lentiginosus 10, 19, 42, 60. 

Brant 59. 

Branta bernicla 14, 15, 46, 59. 

canadensis 9, 12, 48, 58. 
hutchinsii 10, 42, 59. 
breweri, Spizella 11, 44, 104. 
Brewer’s Blackbird 95. 
Sparrow 104. 

Broad-tailed Hummingbird 86. 

Bronzed Grackle 95. 

Brown-capped Leucosticte 98. 

Thrasher 120. 

Bubo virginianus arcticus 47, 80, 128. 
subarcticus 8, 10, 48, 79. 
saturatus 80. 

buccinator, Olor 14, 59, note. 

Bucephala islandica 25. 

Buffle-head 56. 

bullocki, Icterus 11, 19, 42, 95. 

Bullock’s Oriole 95. 

Bunting, Indigo 109. 

Lark 29, 109. 
Lazuli 109. 

Burrowing Owl 81. 

Bush-Tit, Lead-colored 123. 

Buteo borealis calurus 8, 10, 29, 41, 75. 
harlani 10, 36, 46. 
kriderii 8, 11, 29, 46, 74. 

cooperi 36. 
lineatus elegans 14, 47, 75. 
swainsoni 8, 10, 29, 41, 75. 


Cabanis’s Woodpecker 82. 
cerulea, Polioptila 18, 15, 33, 44, 124. 
ceerulescens, Dendroica 14, 15, 37, 47, 
114. 
cafer, Colaptes 8, 11, 21, 42, 85. 
Calamospiza melanocorys 12, 19, 42, 
109. 
Calearius lapponicus 9, 45, 100. 
ornatus 9, 11, 44, 100. 
calendula, Regulus 12, 23, 42, 123. 
Calidris arenaria 14, 27, 47, 66. 
California Cuckoo 82. 
Gull 50. 
Tartridge 69. 
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californianus, Geococcyx, 8, 18, 15, 27, 
43, 81. ; 

californica, Callipepla 8, 11, 30, 46, 69. 
Agelaius gubernator 94. 

Colymbus nigricollis 10, 19, 43, 49. 
Larus 14, 48, 50. 

Callipepla californica 8, 11, 30, 46, 69. 
gambeli 8, 18, 16, 34, 46, 70. 
squamata 13, 14, 16, 22, 33, 47, 69. 

calurus, Buteo borealis 8, 10, 29, 41, 

75. 
campestris, Pedioceetes phasianellus 8, 
1i, 42, 71. 
Canada Goose 58. 
Jay 38. 
canadensis, Branta 9, 12, 43, 58. 
Grus 14, 46, 62. 
Sitta 9, 12, 45, 122. 
candidissima, Ardea 138, 32, 43, 61. 
caniceps, Junco 9, 12, 21, 25, 36, 38, 
42, 105. 
Canon Towhee 108. 
Wren 120. 

Canvas-back 55. 

Cardinal 108. 

Cardinalis cardinalis 10, 15, 30, 46, 108. 

carolinensis, Anas 9, 10, 18, 42, 54. 
Conurus 8, 11, 28, 31, 45, 81. 
Galeoscoptes 11, 15, 19, 42, 119. 
Pandion haliaétus 12, 18, 44, 77. 
Sitta Oya ow s3 ti ol. 

Carolina Paroquet 31, 81. 

Porzana 10, 48, 63. 

carolinus, Melanerpes 18, 15, 44, 84. 
Scolecophagus 10, 15, 46, 95. 

Carpodacus cassini 8, 12, 87, 42, 96. 
frontalis 33. 
mexicanus frontalis 8, 11, 40, 96. 
purpureus 14, 15, 47, 96. 

cassini, Carpodacus 8, 12, 37, 42, 96. 
Vireo solitarius 15, 16, 45. 

Cassin’s Kingbird 87. 

Purple Finch 37, 96. 
Vireo 112. 

Catbird 119. 

Cathartes aura 10, 18, 42, 47, 73. 

Catherpes mexicanus conspersus 9, 13, 

16, 28, 35, 42, 120. 

Cedar Waxwing 111. 

cedrorum, Ampelis 9, 11, 48, 111. 

celata, Helminthophila 12, 15, 19, 48, 

118. 
Centrocercus urophasianus 8, 10, 20, 
Al Ga 

Ceophlceus pileatus 8, 10, 30, 46. 

Certhia familiaris montana 9, 12, 121. 

Cerulean Warbler 115. 

Ceryle alcyon 8, 10, 42, 82. 

Chapparel Cock 25, 31. 

Charadrius dominicus 14, 44, 68. 
squatarola 45. 
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Charitonetta albeola 9, 18, 42, 56. 
Chat, Long-tailed 117. 
Yellow-breasted 117. 
Chelidon erythrogastra 11, 18, 42, 111. 
Chen hyperborea 9, 14, 18, 45, 58. 
nivalis 14, 48, 58. 
Chestnut-backed Bluebird 126. 
-collared Longspur 100. 
-sided Warbler 115. 
Chickadee, Long-tailed 122. 
Mountain 1238. 
Chipping Sparrow 103. 
chlorura, Oreospiza 19, 42, 108. 
Chondestes grammacus strigatus 11, 
19, 42, 102. 
Chordeiles virginianus henryi 11, 41, 
5, 


chrysaétos, Aquila 8, 12, 42, 75. 
Cinclus mexicanus 9, 12, 238, 42, 118. 
cinerascens, Myiarchus 11, 16, 43, 87. 
Cinnamon Teal 28, 88, 54. 
Cireus hudsonius 8, 10, 41, 73. 
Cistothorus palustris paludicola 9, 11, 
19, 48, 121. 
capitalis, Perisoreus canadensis 8, 12, 
25, 41, 90. 
Clangula clangula americana 14, 42, 56. 
hyemalis 29. 
islandica 8, 12, 45, 56. 
Clarke’s Crow 28, 31. 
Nutcracker 24, 31, 92. 
Clay-colored Sparrow 104. 
Cliff Swallow 110. 
Clivicola riparia 11, 19, 48, 111. 
clypeata, Spatula 10, 18, 42, 54. 
Coccyzus americanus 47, 82, 128. 
occidentalis 10, 86, 45, 82. 
erythrophthalmus 18, 14, 15, 27, 47, 
82. 


Coccothraustes vespertinus 438. 
montanus 9, 95. 

Colaptes auratus 10, 15, 21, 41, 85. 
eafer 8, 11, 21, 42, 85. 

collaris, Aythya 11, 42, 56. 

Colinus virginianus 8, 11, 30, 33, 46, 

69. 

Columba fasciata 138, 15, 33, 40, 72. 

columbarius, Falco 9, 10, 44, 76. 

columbiana, Nucifraga 8, 12, 42, 92. 
Olor 14, 45, 59. 

Colymbus auritus 18, 14, 48, 49. 
holbeellii 18, 14, 30, 46, 49. 
se yi californicus 10, 19, 48, 

ep a americana 13, 15, 48, 

a eras Pooczetes gramineus 11, 18, 42, 


connectens, Junco hyemalis 9, 48, 105. 
conspersus, Catherpes mexicanus 9, 13, 
16, 28, 35, 42, 120. 


Contopus borealis 12, 19, 42, 88. 
pertinax 39. 
richardsonii 13, 19, 42, 88. 
Conurus carolinensis 8, 11, 28, 31, 45, 
81. 
cooperi, Accipiter 8, 10, 44, 74. 
Piranga rubra 14, 15, 16, 45. 
Cooper’s Hawk 74. 
Tanager 110. 
Coot, American 68. 
Cormorant 37. 
Double-crested 52. 
coronata, Dendroica 14, 15, 19, 48, 114. 
Zonotrichia 10, 15, 16, 35, 47, 102. 
Corvus americanus 8, 11, 26, 48, 92. 
corax sinuatus 8, 18, 40, 41, 91. 
cryptoleucus 8, 11, 43, 91. 
Cowbird 98. 
Crane, Little Brown 62. 
Sandhill 62. 
Whooping 62. 
Creeper, Rocky Mountain 121. 
Croéssbill, Mexican 97. 
Red 26, 32. 
White-winged 97. 
Crow, American 92. 
Blue 21. 
Cuckoo, California 82. 
Black-billed 82. 
Yellow-billed 82. 
cucullatus, Lophodytes 8, 12, 48, 58. 
Curlew, Eskimo 68. 
Hudsonian 67. 
Long-billed 67. 
cryptoleucus, Corvus 8, 11, 48, 91. 
cyania, Passerina 13, 15, 44, 109. 
Cyanocephalus cyanocephalus 8, 12, 21, 
48, 98. 
Scolecophagus 9, 11, 18, 42, 95. 
Cyanocitta stelleri macrolopha 8, 12, 
42, 90. 
cyanoptera, Anas 10, 15, 18, 42, 54. 
Cypseloides niger borealis 18, 16, 30, 
46, 86. 


Dafila acuta 8, 11, 18, 42, 55. 
deglandi, Oidemia 10, 27, 47, 57. 
delawarensis, Larus 9, 10, 18, 53, 57. 
Dendragapus obscurus 8, 12, 40, 70. 
Dendroica vestiva 11, 19, 42, 114. 
sonorana 18, 26, 48, 114. 
auduboni 12, 18, 25, 42, 115. 
ceerulescens 14, 15, 387, 47, 114. 
coronata 14, 15, 19, 114. 
gracize 18, 16, 80, 46, 115. 
maculosa 14, 15, 45, 115. 
nigrescens 18, 16, 19, 48, 116, 
pensylvanica 115. 
rara 14, 15, 45, 115. 
striata 12, 15, 19, 45, 115. 
townsendi 12, 16, 45, 116. 
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Desert Horned Lark 89. 

Dickcissel 109. 

difficilis, Empidonax 11, 44, 88. 

dilophus, Phalacrocorax 18, 45, 52. 

Dipper, American 118. 

discors, Anas 10, 18, 41, 54. 

Dolichonyx cryzivorus 13, 15, 44, 93. 

domesticus, Passer 9, 11, 47, 99. 

dominicus, Charadrius 14, 44, 68. 

dorsalis, Junco phzeonotus 18, 16, 34, 

46, 106. 
Picoides americanus 8, 12, 42, 83. 

Double-crested Cormorant 52. 

Dove, Mourning 73. 

White-winged 4, 73. 

Dowitcher, Long-billed 65. 

Downy Woodpecker 82. 

Dryobates pubescens 23, 47, 82. 
homorus 8, 10, 23, 48, 83. 
orececus 23. 

sealaris bairdi 8, 13, 15, 47, 83. 

villosus hyloscopus 8, 10, 41,.82. 
Duck, American Scaup 55. 

Black 53. 

Harlequin 3, 57. 

Hawk, 76. 

Lesser Scaup 56. 

Ring-necked 56. 

Ruddy, 38, 57. 

Surf 4. 

Wood 55. 
Dusky Horned Owl 80. 

Grouse 70. 
Dwarf Hermit Thrush 8, 125. 
Dytes nigricollis californicus 31. 


Eagle, Bald 76. 
Golden 75. 
Hared Grebe 31, 38. 
Eastern Bluebird 34, 39. 
Egret, Little White 32. 
Reddish 61. 
Elanoides forficatus 14, 15, 47, 73. 
elegans, Buteo lineatus 14, 47, 75. 
Empidonax difficilis 11, 44, 88. 
hammondi 44, 89, 128. 
minimus 14, 19, 44, 89. 
traillii 11, 48, 88. 
wrightii 12, 42, 89. 
enucleator, Pinicola 8, 12, 44, 96. 
Eremophila cornuta 387. 
BEreunetes occidentalis 14, 19, 48, 66. 
pusillus 14, 19, 43, 66. 
Erismatura Jamaicensis 10, 18, 42, 57. 
erythrogastra, Chelidon 11, 18, 42, 111. 
erythromelas, Piranga 110. 
erythrophthalmus, Coccyzus 13, 14, 15, 
27, 47, 82: 
erythrorhynchos, Plecanus 11, 18, 48, 
52. 
Eskimo Curlew 68. 
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eurhyncha, Guiraca ceerulea 138, 16, 44, 
109. 

European House Sparrow 99. 

Evening Grosbeak 95. 

excubitorides, Lanius ludovicianus 11, 
18, 42, 112. 

exilis, Ardetta 14, 27, 47, 61. 


Falco columbarius 9, 10, 44, 76. 
mexicanus 8, 10, 29, 44, 76. 
peregrinus anatum 8, 10, 18, 42, 76. 
richardsoni 10, 44, 76. ; 
sparverius 8, 10, 18, 41, 76. 

Falcon, Lanier 28. 

Prairie 76. 

fasciata, Columba 13, 15, 33, 40, 72. 
Melospiza 10, 15, 48, 106. 

fedoa, Limosa 14, 19, 45, 66. 

ferrugineus, Archibuteo 8, 10, 29, 44, 

(hs 


Ferruginous Rough-leg 75. 
Finch, Cassin’s Purple 96. 
House 29, 37, 96. 
Purple 96. 
flammeola, Megascops 8, 12, 31, 37, 45, 
78. 
Flammulated Screech Owl 26, 29, 32, 
38, 78. 
flavipes, Totanus 14, 18, 42, 66. 
Flicker 85. 
Red-shafted 85. 
Florida Gallinule 21, 63. 
Flyeatcher, Ash-throated 87. 
Hammond’s 89. 
Least 89. 
Olivaceous 4, 39, 88. 
Olive-sided 88. 
Say’s 37. 
Scissor-tailed 87. 
Townsend’s 33. 
Traill’s 88. 
Western 88. 
Wright’s 89. 
forficatus, Elanoides 14, 15, 47, 73. 
Milvulus 14, 15, 47, 87. 
forsteri, Sterna 11, 19, 43, 51. 
Forster’s Tern 51. 
franklinii, Larus 18, 19, 48, 51. 
Franklin’s Gull 51. 
frontalis, Carpodacus mexicanus 8, 11, 
40, 96. 
Frosted Poorwill 85. 
Fulica americana 10, 18, 48, 63. 
fuscescens, Turdus 39. 
fuscicollis, Tringa 14, 34, 46, 65. 


Gadwall 538. 

galbula, Icterus 15, 42, 95. 

galeata, Gallinula 14, 46, 63. 

Galeoscoptes carolinensis 11, 15, 19, 
42, 119. 
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Gallinago delicata 9, 12, 43. 

Gallinula galeata 14, 46, 63. 

Gallinule, Florida 21, 68. 

gallopavo, Meleagris 8, 11, 40, 44, 71. 

gambeli, Anser albifrons 14, 45, 58. 
Callipepla 8, 18, 16, 34, 46, 70. 
Parus 9, 12, 42, 128. 

Gambel’s Partridge 70. 

garrulus, Ampelis 9, 43, 111. 


Geococcyx californianus 8, 138, 15, 27, 


43, 81. 


Geothlypis macgillivrayi 12, 19, 42, 


116. 


trichas occidentalis 12, 19, 43, 117. 


gilvus, Vireo 11, 19, 42, 112. 


Glaucidium gnoma 8, 12, 15, 28, 44, 81. 


Glossy Ibis 35. 
Gnateatcher, Blue-gray 124. 


gnoma, Glaucidium 8, 12, 15, 23, 44, 81. 


Godwit, Marbled 66. 

Golden-crested Wren 30. 
-crowned Kinglet 123. 

Sparrow 8, 102. 
Eagle 75. 
-eye, American 56. 
Barrow’s 8, 56. 
Rocky Mountain 25. 

Goldfinch, American 98. 

Arkansas 99. 
Arizona 99. 

Goose, American White-fronted 58. 
Canada 58. 

Greater Snow 58. 
Hutchin’s 59. 

Lesser Snow 58. 
Goshawk, American 74. 
Western 74. 

gracize, Dendroica 13, 16, 30, 46, 115. 

Grace’s Warbler 8, 115. 

Grackle, Bronzed 95. 

Rusty 37. 

Gray-crowned Leucosticte 97. 
-headed Junco 21, 105. 
-ruffed Grouse 70. 
Titmouse 122. 

Great Blue Heron 61. 
Northern Shrike 87. 

Greater Snow Goose 58. 
Yellow-legs 66. 

Grebe 35. 

American Eared 49. 
Hared 31, 88. 
Holbeell’s 3, 49. . 
Horned 49. 
Pied-billed 88, 50. 
Western 49. 

Green-tailed Towhee 25, 33, 108. 
-winged Teal 54. 

Grinnell’s Water-thrush 116. 


griseus, Parus inornatus 9, 18, 16, 48, 


122. 


Grosbeak, Black-headed 28, 108. 
Pine 388, 96. 

Western Blue 109. 
Evening 95. 

Grouse, Dusky 70. 

Gray Ruffed 70. 
Pinnated 34. 

Prairie Sharp-tailed 71. 
Sage 71. 

Sharp-tailed 34. 

Grus americana 14, 18, 48, 62. 
eanadensis 14, 46, 62. 
mexicana 9, 10, 41, 62. 

Guara alba 14, 37, 47, 59. 
rubra 14, 33, 47, 60. 

guarauna, Plegadis 60. 

Guiraca czerulea eurhyncha 18, 16, 36, 

44, 109. 
Gull, American Herring 50. 
Bonaparte’s 51. 
California 50. 
Franklin’s 51. 
Herring 37 
Laughing 51. 
Ring-billed 39, 51. 
Sabine’s 38, 51. . 
Western 50. 
Gymnocitta cyanocephala 31. 


Halizeetus leucocephalus 8, 12, 42, 76. 
hammondi, Empidonax 44, 89, 128. 
Hammond’s Flycatcher 89. 
Harelda hyemalis 10, 47, 56. 
harlani, Buteo borealis 10, 36, 46, 75. 
Harlan’s Hawk 75. 
Harlequin Duck 8, 57. 
Harporhynchus bendirei 14, 15, 25, 46, 
120. 
rufus 12, 15, 19, 42, 120. 
Harris’s Sparrow 102. 
Hawk, American Rough-legged 75. 
Sparrow 76. 
Cooper’s 74. 
Duck 76. 
Harlan’s 75. 
Krider’s 74. 
Marsh °73. 
Pigeon 76. 
Red-bellied 75. 
Sharp-shinned 74. 
Swainson’s 83, 75. 
Helminthophila celata 12, 15, 19, 48, 
113) 
lutescens 12, 21, 46, 113. 
peregrina 14, 15, 19, 44, 118. 
virginise 12, 48, 1138. 
henryi, Chordeiles virginianus 11, 41, 
85. 
Hepburn’s Leucosticte 98. 
Hermit Thrush 125. 
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Heron, Black-crowned Night 61. 
Great Blue 61. 
Snowy 61. 
Yellow-crested Night 62. 
herodias, Ardea 10, 18, 42, 48, 61. 
Herring Gull 37. 
hiemalis, Troglodytes 9, 12, 44, 121. 
Himantopus mexicanus 10, 45, 64. 
Micropalama 14, 19, 46, 65. 
Histrionicus histrionicus 8, 12, 30, 46, 
57. 
Hooded Merganser 53. 
holbeellii, Colymbus 18, 14, 30, 46, 49. 
Holbeell’s Grebe 3, 49. 
homorus, Dryobates pubescens 8, 10, 
28, 48, 838. 
Horned Grebe 49. 
Lark 30, 89. 
House Finch 29, 37, 96. 
hudsonica, Pica pica 8, 11, 40, 89. 
Hudsenjan Curlew 67. 
hudsonicus, Numenius 14, 46, 67. 
hudsonius, Circus 8, 10, 41, 738. 
Hummingbird, Black-chinned 86. 
Broad-tailed 86. 
Rufous 86. 
hutchinsii, Branta canadensis 10, 42, 
59. 
Hutchins’s Goose 59. 
Hydrochelidon nigra surinamensis 10, 
42, 52. 
hyemalis, Harelda 10, 47, 56. 
Junco 10, 43, 104. 
hyloscopus, Dryobates villosus 8, 10, 
41, 82. 
hyperborea, Chen 9, 14, 18, 45, 58. 
hypogeea, Speotyto cunicularia 8, 10, 
18, 41, 81. 


Ibis, Glossy 35. 
Scarlet 4, 33, 60. 
White 4, 59. 
White-faced Glossy 60. 
Wood 60. 
Icteria virens 15, 44, 117. 
longicauda 11, 42, 117. 
Icterus galbula 11, 15, 42, 95. 
bullocki 11, 19, 42, 95. 
spurius 18, 15, 42, 94. 
Ictinia mississippiensis 14, 15, 47, 73. 
imber, Urinator 9, 48, 50. 
Indigo Bunting 109. 
inornata, Symphemia semipalmata 10, 
19, 26, 48, 44, 67. 
intermedia, Zonotrichia leucophrys 9. 
48, 102. 
Intermediate Sparrow 102. 
interpres, Arenaria 14, 37, 47, 69. 
Iridoprocne bicolor 30. 
islandica, Clangula 8, 12, 45, 56. 


135 


Jack Snipe 25. 
Jeeger, Parasitic 50. 
jamaicensis, Hrismatura 10, 18, 42, 57. 
Jay, Long-crested 38, 90. 
Maximilian’s 31. 
Pinion 93. 
Rocky Mountain 90. 
Stellar’s 38. 
White-headed 38. 
Woodhouse’s 90. 
Junco aikeni 9, 48, 104. 
annectens 9, 36, 47, 105. 
caniceps 9, 12, 21, 25, 36, 38, 42, 
105. 
Gray-headed 21, 105. 
hyemalis 10, 48, 104. 
aikeni 35. 
connectens 9, 48, 105. 
mearnsi 9, 438, 105. 
pheeonotus dorsalis 13, 16, 34, 46, 
106. 
Pink-sided 105. 
Red-backed 106. 
ridgwayi 33. 
Ridgway’s 105. 
Shufeldt’s 105. 
Slate-colored 104. 
White-winged 104. r 


Killdeer 68. 
Kingbird 87. 
Arkansas 87 
Cassin’s 87. 
Kingfisher, Belted 82. 
Kinglet, Golden-crowned 123. 
Ruby-crowned 23, 32, 34, 38, 123. 
Kite, Mississippi 73. 
Swallow-tailed 75. 
Kittiwake 50. 
kriderii, Buteo borealis 8, 11, 29, 46, 
74. 
Krider’s Hawk 74. 


Lagopus leucurus 8, 12, 238, 25, 27, 30, 
41, 70. 
Lanier Falcon 28. 
Lanius borealis 9, 48, 112. 
ludovicianus excubitorides 11, 18, 
AP tae 
Lapland Longspur 100. 
lapponicus, Calcarius 9, 45, 100. 
Lark Bunting 29, 109. 
Desert Horned 89. 
Horned 30, 89. 
Pallid Horned 89. 
Shore 382, 37. 
Larus argentatus smithsonianus 10, 46, 
50. 
atricilla 10, 14, 37, 47, 51. 
californicus 18, 14, 48, 50. 
delawarensis 9, 10, 18, 43, 51. 
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franklinii 13, 19, 48, 51. 
occidentalis 13, 14, 48, 50. 
philadelphia 13, 45, 51. 
Laughing Gull 51. 
Lazuli Bunting 109. 
Lead-colored Bush-Tit 123. 
Least Bittern 61. 
Flycatcher 89. 
Sandpiper 65. 
Tern 52. 
lentiginosus, Botaurus 10, 19, 42, 60. 
Lesser Scaup Duck 56. 
Snow Goose 58. 
lencocephalus, Halizeetus 8, 12, 42, 76. 
leucogaster, Thryothorus bewickii 13, 
23, 46, 120. 
leucoleema, Otocoris alpestris 9, 32, 48, 
89. 
leucophrys, Zonotrichia 9, 12, 18, 42, 
102. 
leucoptera, Loxia 10, 30, 97. 
Melopelia 18, 14, 16, 28, 45, 73. 
Leucosticte atrata 10, 35, 44, 98. 
australis 8, 12, 22, 42, 98. 
Black 98. 
Brown-capped 98. 
campestris 22. 
+ Gray-crowned 97. 
Hepburn’s 98. 
teprocotis 9, 22, 48, 97. 
littoralis 9, 45, 98. 
leucurus, Lagopus 8, 12, 28, 25, 27, 30, 
41, 70. 
Lewis’s Woodpecker 84. 
Limosa fedoa 14, 19, 45, 66. 
linaria, Acanthis 9, 44, 98. 
lincolni, Melospiza 107. 
Lincoln’s Sparrow 25, 107. 
Little Brown Crane 62. 
White Egret 32. 
littoralis, Leucosticte tephrocotis 9, 45, 
98. 
lobatus, Phalaropus 14, 19, 44, 63. 
loculatus, Tantalus 14, 45, 60. 
Long-billed Curlew 67. 
Dowitcher 65. 
-crested Jay 38, 90. 
longicauda, Bartramia 11, 42, 67. 
Icteria virens 11, 42, 117. 
longirostris, Numenius 11, 18, 48, 67. 
Longspur 37. 
Chestnut-collared 100. 
McCown’s 101. 
Lapland 100. 
Long-tailed Chat 117. 
Chicadee 122. 
Loon 50. 
Lophodytes cucullatus 8, 12, 48, 53. 
Lopibes hyperboreus 80. 
Louisiana Tanager 110. 


Loxia curvirostra bendirei 36. 
stricklandi 8, 12, 26, 36, 44, 97. 

leucoptera 10, 30, 46, 97. 

ludoviciana, Piranga 12, 19, 42, 110. 
Thryothorus 389. 

lunifrons, Petrochelidon 11, 18, 40, 110. 

lutescens, Helminthophila celata 12, 

21, 46, 113. 
Lutescent Warbler 113. 


macgillivrayi, Geothlypis 12, 19, 42, 
TAG: 

Macgillivray’s Warbler 116. 

macrolopha, Cyanocitta stelleri 8, 12, 
42, 90. 

Macrorhampus scolopaceus 14, 19, 45, 
65. 


macroura, Zenaidura 10, 18, 41, 98. 
macularia, Actitis 10, 18, 42, 67. 
maculata, Tringa 14, 43, 65. ‘. 
maculosa, Dendroica 14, 15, 45, 115. 
Magnolia Warbler 115. 
Magpie 40. 
American 89. 
Black-billed 29. 

Mallard 35, 538. 
Marbled Godwit 66. 
Marsh Hawk 73. 
Martin, Purple 110. 
Maximilian’s Jay 31. 
maxwellize, Megascops asio 8, 12, 24, 

31, 45, 78. 
mccownii, Rhyncophanes 9, 11, 44, 101. 
McCown’s Longspur 101. 
Meadow Lark, Western 34, 94. 
mearnsi, Junco 9, 48, 105. 
megalonyx, Pipilo maculatus 18, 42, 

10 


Megascops asio 8, 11, 48, 78. 
aikeni 8, 12, 26, 31, 47, 78. 
maxwelliz 8, 12, 24, 31, 45, 78. 
flammeola 8, 12, 31, 37, 45, 78. 
Melanerpes carolinus 18, 15, 44, 84. 
erythrocephalus 11, 42, 84. 
torquatus 8, 12, 42, 84. 
melanocephalus, Zamelodia 11, 19, 28, 
42, 108. 
melanocorys, Calamospiza 109. 
melanoleucus, Aéronautes 12, 19, 42, 


Totanus 14, 18, 42, 66. 

Meleagris gallopavo 8, 11, 40, 44, 71. 
mexicana 8, 10, 34, 46, 72. 
Melopelia leucoptera 18, 14, 16, 28, 45, 

(G3 


Melospiza fasciata 10, 15, 48, 106. 
montana 9, 11, 19, 42, 107. 
georgiana 39. 
lincolni 12, 19, 42, 107. 
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Merganser americanus 8, 12, 43, 52. 
Hooded 53. 
Red-breasted 53. 
serrator 9, 45, 538. 
Merlin, Richardson’s 76. 
Merula migratoria 9, 12, 15, 40, 125. 
propinqua 9, 11, 18, 46, 126. 
mesoleucus, Pipilo fuscus 9, 11, 16, 48, 
108. 
Mexican Crossbill 97. 
Turkey 72. 
mexicanus, Cinclus 9, 12, 23, 118. 
Falco 8, 29, 44, 76. 
Grus 9, 10, 41, 62. 
Himantopus 10, 45, 64. 
Meleagris gallopavo 8, 10, 34, 46, 
U2 


Micropalama himantopus 14, 19, 46, 65. 
migratoria, Merula 9, 12, 15, 40, 125. 
Milvulus forficatus 14, 15, 47, 87. 
Mimus polyglottos 12, 19, 40, 119. 
minimus, Empidonax 14, 19, 44, 89. 
minor, Philohela 13, 15, 46, 64. 
minutilla, Tringa 14, 18, 42, 65. 
Mississippi Kite 73. 
mississippiensis, Ictinia 14, 15, 47, 73. 
Mniotilta varia 13, 15, 45, 1138. 
Mockingbird 119. 
Mountain 38. 
Molothrus ater 11, 42, 93. _ 
montana, ANgialitis 10, 18, 42, 68. 
Certhia familiaris 9, 12, 121. 
Coccothraustes vespertinus 9, 48, 
95. 
Melospiza fasciata 9, 11, 19, 42, 107. 
Oroscoptes 11, 18, 41, 119. 
Mountain Bluebird 126. 
Chickadee 123. 
Mockingbird 88. 
Plover 29, 38, 68. 
Song Sparrow 107. 
Mourning Dove 73. 
Myadestes townsendii 9, 12, 19, 28, 37, 
38, 39, 42, 124. 
Myiarchus cinerascens 11, 16, 43, 87. 
lawrencei olivascens 14, 16, 47, 88. 
Myrtle Warbler 114. 


nearctica, Aythya marila 10, 43, 55. 

neglecta, Sturnella magna 9, 11, 42, 94. 

Nepheecetes niger borealis 30. 

nevadensis, Amphspiza belli 13, 16, 44, 
106. 

Nighthawk, Western 85. 

Night Heron, Black-crowned 61. 

Yellow-crowned 62. 

nigrescens, Dendroica 13, 16, 19, 48, 
116. 

nitidus, Phalenoptilus nuttalli 13, 15, 
47, 48, 85. 


a7 


nivalis, Chen hyperborea 14, 48, 58. 
Plectrophanes 9, 44, 100. 
Northern Phalarope 63. 
Shrike 112. 
notabilis, Seiurus noveboracensis 14, 
45, 116. 
nuchalis, Sphyrapicus varius 12, 23, 42, 
83. 
Nucifraga columbiana 8, 12, 42, 92. 
Numenius borealis 68. 
hudsonicus 14, 46, 67. 
longirostris 11, 18, 48, 67. 
Nutcracker, Clarke’s 92. 
Nuthatch, Pygmy 122. 
Red-breasted 122. 
Slender-billed 122. 
White-breasted 121. 
nuttalli, Phaleerioptilus 11, 42, 85. 
Nyctala acadica 8, 12, 45, 77. 
Nyctea nyctea 10, 34, 46, 80. 
Nycticorax nycticorax neevius 11, 19. 
46, 61. 
violaceus 14, 45, 62. 


obsoletus, Salpinctes 13, 19, 40, 120. 
obscura, Anas 14, 15, 48, 53. 
Dendragapus 8, 40, 70. 
occidentalis, Aichmophorus 138, 387, 47, 
49. 
Cocecyzus americanus 10, 36, 45, 82. 
Ereunetes 14, 19, 48, 66. 
Geothlypis trichas 12, 19, 48, 117. 
Larus 18, 14, 48, 50. 
Syrnium 8, 18, 46, 77. 
ochracea, Spizella monticola 9, 48, 103. 
cenanthe, Saxicola 4, 14, 15, 34, 45, 126. 
Oidemia americana 10, 45, 57. 
deglandi 10, 27, 47, 57. 
perspicillata 10, 37, 47, 57. 
Old Squaw 29, 56. 
Olivaceous Flycatcher 4, 39, 88. 
Vireo 12) -15, 19) 112: 
olivacens, Myiarchus lawrencei 14, 16, 
47, 88. 
Olive-backed Thrush 124. 
-sided Flycatcher 88. 
Olor buccinator 14, 48, 59. 
columbianus 14, 45, 59. 
Orange-crowned Warbler 113. 
Oregon Snowbird 88. 
Oreospiza chlorura 19, 42, 108. 
Oriole, Baltimore 38, 95. 
Bullock’s 95. 
Orchard 94. 
ornatus, Calcarius 9, 11, 100. 
Oroscoptes montanus 11, 18, 41. 
oryzivorus, Dolichonyx 12, 15, 44, 93. 
Osprey, American 77. 
Otocoris alpestris arenicola 8, 11, 32, 
41, 89. 
leucoleema 9, 32, 43, 89. 
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- Ousel, Water 35, 38. 
Oven-bird 116. 
Owl, Aiken’s Screech 78. 
American Barn 77. 
Long-eared 77. 
Arctic Horned 80. 
Burrowing 81. 
Dusky Horned 80. 
Flammulated Screech 26, 29, 32, 
38, 78. 
Pygmy 27, 82, 81. 
Rocky Mountain Screech 24, 78. 
Saw-whet 77. 
Screech 78. 
Short-eared 77. 
Spotted 77. 
Snowy 80. 
Western Horned 79. 


pacifica, Tringa alpina 14, 19, 43, 66. 
Pallid Horned Lark 89. 
pallida, Spizella 11, 19, 44, 104. 
pallasii, Turdus aonalaschkee 14, 15, 
47, 125. 
paludicola, Cistothorus palustris 9, 11, 
19,43; 121, 
Pandion haliaétus carolinensis 12, 18, 
44, 77. 
paradiseea, Sterna 18, 87, 47, 51. 
Parasitic Jeger 50. 
parasiticus, Stercorarius 10, 45, 50. 
Paroquet, Carolina 81. 
Partridge, California 69. 
Gambel’s 70. 
Scaled 22, 69. 
Parula Warbler 114. 
Parus atricapillus septentrionalis 9, 13, 
41, 122. 
gambeli 9, 12, 42, 123. 
inornatus griseus 9, 13, 16, 48, 122. 
montanus 28. 
Passer domesticus 9, 11, 47, 99. 
Passerella iliaca schistacea 12, 44, 107. 
Passerina amoena 11, 19, 40, 109. 
cyanea 18, 15, 44, 109. 
Pectoral Sandpiper 65. 
Pedioceetes phasianellus campestris 8, 
De et: Ale 
Pelecanus erythrorhynchos 11, 18, 43, 
52. 
Pelican, American White 52. 
pensilvanicus, Anthus 12, 18, 42, 118. 
peregrina, Helminthophila 14, 15, 19, 
44, 113. 
Perisoreus canadensis capitalis 8, 12, 
25, 41, 90. 
perpallidus, Ammodramus savannarum 
12, 18, 44, 101. 
perspicillata, Oidemia 10, 37, 47, 57. 
Petrochelidon lunifrons 11, 18, 40, 110. 
Pewee, Western Wood 88. 
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Phaleenoptilus nuttalli 11, 42, 85. 
nitidus 13, 15, 47, 48, 85. 
Phalacrocorax dilophus 138, 45, 52. 
Phalarope, Northern 63. 
Wilson’s 68. 
Phalaropus lobatus 14, 19, 44, 63. 
Pheasant 40. 
philadelphia, Larus 18, 51. 
Philohela minor 18, 15, 46, 64. 
Phoebe 8, 39, 88. 
Sayornis 14, 15, 47, 88. 
Say’s 88. 
phoeniceus, Agelaius 9, 11, 42, 94. 
Pica pica hudsonica 8, 11, 40, 89. 
Picicorvus columbianus 24, 31. 
Picoides americanus dorsalis 8, 12, 42, 
83. 
Pied-billed Grebe 38, 50. 
Pigeon, Band-tailed 72. 
Hawk 76. 
pileolata, Sylvaria pusilla 14, 15, 47, 
sale 
Pileolated Warbler 117. 
Pine Siskin 99. 
Grosbeak 38, 96. 
Pinicola enucleator 8, 12, 33, 44, 96. 
Pinion Jay 93. 
Pink-sided Junco 105. 
Pinnated Grouse 34. 
Pintail 55. 
pinus, Spinus 8, 18, 42, 99. 
Pipilo aberti 13, 16, 45, 108. 
fuscus mesoleucus 9, 11, 16, 48, 108. 
maculatus arcticus 9, 48, 107. 
megalonyx 18, 42, 108. 
Pipit, American 118. 
Piranga erythromelas 110. 
ludoviciana 12, 19, 42, 110. 
rubra cooperi 14, 15, 16, 45, 110. 
platycercus, Selasphorus 12, 28, 42, 86. 
Plectrophanus mccownii 25. 
Plectrophenax nivalis 9, 44, 100. 
Plegadis guarauna 18, 16, 438, 60. 
Plover, American Golden 68. 
Black-bellied 68. 
Mountain 29, 38, 68. 
Semipalmated 68. 
Plumbeous Vireo 112. 
plumbeus, Psaltriparus 9, 13, 16, 43, 
1235 
Vireo solitarius 13, 19, 42, 112. 
Podiceps auritus californicus 31. 
Podilymbus 9, 18, 35, 48, 50. 
Podilymbus podiceps 9, 18, 35, 48, 50. 
Polioptila caerulea 18, 15, 38, 44, 124. 
polyglottos, Mimus 12, 19, 40, 119. 
Pooceetes gramineus confinis 11, 18, 42, 
101. 
Poor-will 85. 
Frosted 85. 
Porzana carolina 10, 48, 68. 
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pratincola, Strix 8, 11, 87, 47. 
Prairie Falcon 76. 
Sharp-tailed Grouse 71. 
Progne subis 11, 18, 44, 110. 
propinqua, Merula migratoria 9, 11, 18, 
46, 126. 
pubescens, Dryobates 23, 47, 82. 
Purple Finch 96. 
Martin 110. 
purpureus, Carpodacus 14, 15, 47, 96. 
pusillus, Ereunetes 14, 19, 48, 66. 
Sylvania 12, 19, 42, 117. 
psaltria, Spinus 11, 40, 99. 
Psaltriparus plumbeus 9, 138, 16, 48, 
128. 
Ptarmigan, White-tailed 23, 27, 70. 
pygmeea, Sitta 9, 12, 35, 42, 122. 
Pygmy Nuthatch 122. 
Owl 27, 32, 81. 


querula, Zonotrichia 14, 15, 23, 46, 102. 
Quiscalus quiscula seneus 11, 15, 44, 95. 


Rail, Virginia 62. | 
Rallus virginianus 11, 18, 48, 638. 
rara, Dendroica 14, 15, 45, 115. 
Raven 40. 

American 91. 

White-necked 91. 
Recurvirostra americana 10, 18, 48, 64. 
Red-backed Junco 106. 

Sandpiper 66. 

-bellied Hawk 75. 

Woodpecker 84. 
-breasted Merganser 53. 
Nuthatch 122. 

Crossbill 26, 32. 
Reddish Egret 61. 
Red-eyed Vireo 112. 

head 55. 

-naped Sapsucker 83. 

-poll 98. 

shafted Flicker 85. 

start, American 118. 

-tail, Western 75. 

-winged Blackbird 94. 
Regulus calendula 12, 23, 43, 123. 

satrapa 12, 48, 123. 
Rhyncophanes mccownii 9, 11, 44, 101. 
richardsoni, Contopus 18, 19, 42, 88. 

Falco 10, 44, 76. 

Richardson’s Merlin 76. 
Ridgway’s Junco 105. 
Ring-billed Gull 39, 51. 

necked Duck 56. 
riparia, Clivicola 11, 19, 48, 111. 
Rissa tridactyla 10, 14, 45, 50. 
Roadrunner 81. 

Robin 27. 

American 125. 

Western 126. 
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Rock Wren 37, 120. 
Rocky Mountain Bluebird 29. 
Creeper 121. 
Golden-eye 25. 
Jay 90. 
Screech Owl 24, 78. 
Whiskey Jack 25. 
Roseate Spoonbill 4, 59. 
Rough-leg, Ferruginous 75. 
-winged Swallow 111. 
rubra, Guara 14, 33, 47, 60. 
Ruby-crowned Kinglet 23, 32, 34, 88, 
128. 
Wren 23. 
Ruddy Duck 38, 57. 
rufescens, Ardea 14, 47, 61. 
Rufous Hummingbird 86. 
rufus, Harporhynchus 12,.15, 19, 42, 
120. | 
Selasphorus 13, 45, 86. 
Rusty Blackbird 95. 
Grackle 37. 
ruticilla, Setophaga 11, 19, 42, 118. 


sabinii, Xema 10, 15, 45, 51. 
Sabine’s Gull 88, 51. 
Sage Grouse 71. 
Sparrow 106. 
Thrasher 119. 
salicicola, Turdus fuscescens 12, . 42, 
124. : 
Salpinctes obsoletus 18, 19, 40, 120. 
sancti-johannis, Archibuteo lagopus 9, 
44, 75. 
Sanderling 66. 
Sandhill Crane 62. 
Sandpiper, Baird’s 65. 
Bartramian 67. 
Least 65. 
Pectoral 65. 
Red-breasted 66. 
Semipalmated 66. 
Solitary 67. 
Spotted 67. 
Stilt 65. 
Western 66. 
White-rumped 65. 
Sapsucker, Red-naped 8&3. 
Yellow-bellied 83. 
satrapa, Regulus 12, 43, 1238. 
saturatus, Bubo virginianus 80. 
Saw-whet Owl 77. 
Saxicola cenanthe 4, 14, 15, 34, 45, 126. 
saya, Sayornis 11, 18, 42, 88. 
Sayornis phoebe 14, 15, 47, 88. 
saya 11, 18, 42, 88. 
Say’s Phoebe 88. 
Flycatcher 387. 
Sealed Partridge 22, 69. 
Searlet Ibis 4, 38, 60. 
Tanager 110. 
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schistacea, Passerella iliaca 12, 44, 107. 
Scissor-tailed Flycatcher 87. 
Scolecophagus carolinus 10, 15, 46, 95. 
cyanocephalus 9, 11, 18, 42, 95. 
scolopaceus, Macrorhampus 14, 19, 45, 
65. 
Scops flammeola 29, 32, 36, 39. 
Scoter, American 57. 
Surf 57. 
White-winged 57. 

Screech Owl 78. 

Seiurus aurocapillus 18, 15. 44, 116. 
noveboracensis notabilis 14, 45, 116. 

Selasphorus platycercus 12, 28, 42, 86. 
rufus 13, 16, 45, 86. 

semipalmata, Atgialitis 14, 48, 68. 

Semipalmated Plover 68. 

Sandpiper 66. 
septentrionalis, Parus atricapillus 9, 18, 
41, 122. 

serrator, Merganser 9, 45, 53. 

serripennis, Stelgidopteryx 11, 19, 44, 

1b & 

Setophaga ruticilla 11, 19, 42, 118. 

Sharp-shinned Hawk 74. 

-tailed Grouse 34. 

Shore Larks 32, 37. 

Short-eared Owl 77. 

Shoveller 54. 

Shrike, Great Northern 37. 

Northern 112. 
White-rumped 112. 

Shufeldt’s Junco 105. 

Sialia arctica 9, 11, 18, 41, 126. 
mexicana bairdi 9, 12, 18, 42, 126. 
sialis 12, 15, 39, 48, 126. 

Siskin, Pine 99. 

Sitta canadensis 9, 12, 45, 122. 
carolinensis 9, 12, 15, 33, 47, 121. 

aculeata 9, 18, 42, 122. 

pygmeea 9, 12, 35, 42, 122. 
ae Corvus corax 8, 138, 40, 41, 
Slate-colored Junco 104. 

Sparrow 107. 
Slender-billed Nuthatch 122. 
smithsonianus, Larus argentatus 10, 

40, 50. 

Snipe, Jack 25. 

Wilson’s 36, 64. 

Snowbird, Oregon 29. 

Snowflake 100. 

Snowy Heron 61. 

Owl 80. 

socialis, Spizella 11, 15, 48, 103. 

Solitaire, Townsend’s 124. 

solitarius, Totanus 10, 18, 42, 67. 

Solitary Sandpiper 67. 

Song Sparrow 106. 

Sonora Yellow Warbler 114, 


sonorana, Dendroica zestiva 13, 26, 48, 
114. 
Sora 638. 
Sparrow, Baird’s 101. 
Black-throated 106. 
Brewer’s 104. 
Chipping 108. 
Clay-colored 104. 
European House 99. 
Golden-crowned 102. 
Harris’s 102. 
Intermediate 102. 
Linecoln’s 25, 107. 
Mountain Song 107, 
Sage 106. 
Slate-colored 107. 
Song 106. 
Western Chipping 103. 
Grasshopper 101. 
Lark 102. 
Savanna 101. 
Tree 103. 
Vesper 101. 
White-crowned 102. 
-throated 103. 
sparverius, Falco 8, 10, 18, 41, 76. 
Spatula clypeata 10, 18, 42, 54. 
Speotyto cunicularia hypogzea 8, 10, 
18, 41, 81. 
Sphyrapicus thyroideus 12, 42, 84. 
varius 14, 15, 48, 83. 
nuchalis 12, 23, 42, 83. 
Spinus pinus 8, 13, 42, 99. 
psaltria 11, 40, 99. 
arizonse 11, 45, 99. 
tristis 8, 11, 42, 98. 
Spiza americana 12, 15, 42, 109. 
Spizella breweri 11, 44, 104. 
monticola ochracea 9, 48, 108. 
pallida 11, 19, 44, 104. 
socialis 11, 15, 48, 108. 
arizonze 11, 19, 42, 108. 
Sponsa, Aix 10, 42, 55. 
Spoonbill, Roseate 4, 59. 
Spotted Owl 77. 
Sandpiper 67. 
spurius, Icterus 18, 15, 42, 94. 
Spurred Towhee 108. 
squamata, Callipepla 18, 14, 16, 22, 38, 
47, 69. 
Squatarola squatarola 14, 68. 
squatarola, Charadrius 45. 
Steganopus tricolor 11, 19, 48, 68. 
Stelgidopteryx serripennis 11, 19, 44, 
ath inh: 
Stellar’s Jay 38. 
Stercorarius parasiticus 10, 45, 50. 
Sterna antillarum 52. 
forsteri 11, 19, 48, 51. 
paradiseea 18, 87, 47, 51. 
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Stilt, Black-necked 64. 
Sandpiper 65. 

strepera, Anas 10, 18, 42, 53. 

striata, Dendronica 12, 15, 19, 45, 115. 

striatulus, Accipiter atricapillus 10, 14 


> 


16, 74. 

stricklandi, Loxia curvirostra 8, 12, 
26, 36, 44, 97. 

strigatus, Chondestes grammacus 11, 
19, 42, 102. 


Strix pratincola 8, 11, 37, 47, 77. 
Sturnella magna neglecta 9, 11, 42, 99. 
subarcticus, Bubo virginianus 8, 10, 43, 


subis, Progne 11, 18, 44, 110. 
Surf Duck 4. 
Scoter 57. 
surinamensis, Hydrochelidon nigra 10, 
42, 52. 
Swainsoni, Buteo 8, 10, 29, 41, 75. 
Turdus ustulatus 12, 19, 44, 124. 
Swainson’s Hawk 33, 75. 
Swallow, Bank 111. 
Barn 111. 
Cliff 110. 
Rough-winged 111. 
-tailed Kite 73. 
Tree 111. 
Violet-green 111. 
White-bellied 30. 
Swan, Trumpeter 59. 
Whistling 59. 
Swift, Black 3, 86. 
White-throated 86. 
Sylvania pusilla 12, 19, 42, 117. 
pileolata 14, 15, 47, 117. 
Symphemia semipalmata inornata 10, 
19, 26, 48, 44, 67. 
Syrnium occidentale 8, 13, 46, 77. 


Tachycineta bicolor 13, 19, 42, 111. 
thalassina 13, 19, 42, 111. 
Tanager, Cooper’s 110. 
Louisiana 110. 
Scarlet 110. 
Tantalus loculator 14, 45, 60. 
‘Teal, Blue-winged 54. 
Cinnamon 54. 
Green-winged 54. 
Tennessee Warbler 113. 
teprocotis, Leucosticte 9, 22, 43, 97. 
Ter, Arewc ol. 
Black 52. 
Forster’s 51. 
Least 52. 
Texan Woodpecker 83. 
thalassina, Tachycineta 13, 19, 42, 111. 
Thrasher, Béndire’s 4, 21, 25, 120. 
Brown 120. 
Sage 119. 
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Thrush, Audubon’s Hermit 125. 
Dwarf Hermit 125. 
Hermit 125. 
Olive-backed 124. 
Willow 124. 

Thryothorus bewickii 39. 

leucogaster 18, 23, 46, 120. 
ludovicianus 39. 

Titmouse, Gray 122. 

torquatus, Melanerpes 8, 12, 42, 84. 

Totanus flavipes 14, 18, 42, 66. 

melanoleucus 14, 18, 42, 66. 
solitarius 10, 18, 42, 67. 
Towhee, Abert’s 108. 
Arctic 107. 
Canon 108. 
Green-tailed 25, 33, 108. 
Spurred 108. 
townsendi, Dendroica 12, 16, 45, 116. 
Myadestes 9, 12, 19, 28, 37, 38, 39, 
42, 124. 
Townsend’s I‘lycatcher 33. 
Solitaire 124. 
Warbler 116. 

traillii, Hnpidonax 11, 48, 88. 

Traill’s Ilycatcher 88. 

Tree Sparrow 111. 

tricolor, Steganopus 11, 19, 438, 63. 

tridactyla, Rissa 10, 14, 45, 50. 

Tringa alpina pacifica 14, 19, 43, 66. 

bairdii 14, 18, 48, 65. 
fuscicollis 14, 34, 46, 65. 
maculata 14, 48, 65. 
minutilla 14, 18, 42, 65. 

tristis, Spinus 8, 11, 42, 98. 

Trochilus alexandri 13, 16, 44, 86. 

Troglodytes aédon aztecus 11, 19, 21, 

41, 120. 
hiemalis 9, 12, 44, 121. 

Trumpeter Swan 59. 

Tulé Wren 121. 

Turdus aonalaschkee 14, 16, 37, 47, 125. 
auduboni 12, 19, 42, 125. 
pallasii 14, 15, 47, 125. 

fuscescens 39. 
salicicola 12, 42, 124. 
ustulatus swainsonii 12, 19, 44, 124. 
Turkey 40. 
Mexican 72. 
Vulture 73. 
Wild 71. 
Turnstone 69. 
Tyrannus tyrannus 11, 15, 42, 87. 
verticalis 11, 19, 40, 87. 
vociferans 11, 43, 87. 


umbelloides, Bonasa umbellus 8, 12, 42, 
70. 

urophasianus, Centrocercus 8, 10, 20, 
AM ele 

Urinator imber 9, 48, 50. 
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yallisneria, Aythya 9, 18, 42, 55. 
varia, Mniotilta 18, 15, 45, 113. 
varius, Sphyrapicus 14, 15, 48, 83. 
velox, Accipiter 8, 10, 44, 74. 
verticalis, Tyrannus 11, 19, 40, 87. 
violaceus, Nycticorax 14, 45, 62. 
Violet-green Swallow 111. 
Vireo belli 39. 
Cassin’s 112. 
gilvus 11, 19, 42, 112. 
olivaceus 12, 15, 19, 42, 112. 
Plumbeous 112. 
Red-eyed 112. 
solitarius cassinii 15, 16, 45, 112. 
plumbeus 18, 19, 42, 112. 
Warbling 112. 
virens, Icteria 15, 44, 117. 
Virginia Rail 68. 
virginize, Helminthophila 12, 43, 118. 
virginianus, Colinus 8, 11, 30, 33, 46, 
69. 


Rallus 11, 18, 48, 63. 
Virginia’s Warbler 113. 
vocifera, Adgialitis 10, 18, 42, 68. 
vociferans, Tyrannus 11, 48, 87. 
Vulture, Turkey 73. 


Warbler, Audubon’s 115. 
Black and White 118. 
-poll 115. 
-throated Blue 114. 
-throated Gray 116. 
Cerulean 115. 
Chestnut-sided 115. 
Grace’s 115. 
Lutescent 113. 
Macgillivray’s 116. 
Magnolia 115. 
Myrtle 114. 
Orange-crowned 113. 
Parula 114. 
Pileolated 117. 
Sonora Yellow 114. 
Tennessee 118. 
Townsend’s 116. 
Virginia’s 118. 
Western Yellow 25. 
Wilson’s 117. 
Yellow 114. 
Warbling Vireo 112. 
Water Ousel 35, 38. 
Thrush, Grinnell’s 116. 
Waxwing, Cedar 111. 
Bohemian 37, 111. 
Western Blue Grosbeak 109. 
Chipping Sparrow 108. 
Evening Grosbeak 95. 
Hlycatcher 88. 
Goshawk 74. 
trashopper Sparrow 101. 
Grebe 49. 


Gull 50. 
Horned Owl 79. 
House Wren 120. 
Lark Sparrow 102. 
Meadow Lark 34, 94. 
Night-hawk 85. 
Red-tail 75. 
Robin 126. 
Sandpiper 66. 
Savanna Sparrow 101. 
Tree Sparrow 108. 
Vesper Sparrow 101. 
Willet 67. 
Wood Peewee 88. 
Yellow-throat 117 
Warbler 25. 
Wheatear 126. 
Whiskey Jack, Rocky Mountain 25. 
Whistling Swan 59. 
White-bellied Swallow 30. 
-breasted Nuthatch 121. 
-crowned Sparrow 102. 
-faced Glossy Ibis 60. 
-headed Jay 388. 
Ibis 4, 59. 
-necked Raven 91. 
-rumped Sandpiper 65. 
Shrike 112. 
-tailed Ptarmigan 23, 27, 70. 
-throated Sparrow 103. 
Swift 86. 
-winged Crossbill 97. 
Dove 4, 73. 
Junco 104. 
Scoter 57. 
Whooping Crane 62. 
Wild Turkey 71. 
Willet, Western 67. 
Willow Thrush 124. 
wilsonianus, Asio 8, 10, 41, 77. 
Wilson’s Phalarope 638. 
Snipe 36, 64. 
Warbler 117. 
Winter Wren 121. 
Woodcock, American 64. 
Duck 55. 
woodhousei, Aphelocoma 8, 18, 42, 90. 
Woodhouse’s Jay 90. 
Wood Ibis 60. 
Woodpecker, Alpine Three-toed 88. 
Batchelder’s 83. 
Cabanis’s 82. 
Downy 82. 
Lewis’s 84. 
Red-bellied 84. 
Red-headed 84. 
Texan 83. 
Wren, Baird’s 120. 
Canon 120. 
Golden-crested 30. 
Rock 387, 120. 
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Ruby-crowned 23. Yellow-headed Blackbird 93. 

Tulé 121. Yellow-legs 66. 

Western House 120. Greater 66. 

Winter 121. Yellow-throat, Western 117. 
wrightii, Empidonax 12, 42, 89. Yellow Warbler 114. 


Wright’s Flycatcher 89. 
Zamelodia melanocephala 11, 19, 23. 


Xanthochephalus xanthocephalus 11, 42, 108. 
18, 39, 41, 93. Zenaidura macroura 10, 18, 41, 73. 
Xema sabinii 10, 15, 45, 51. Zonotrichia albicollis 14, 15, 23, 46, 
103. 
Yellow-bellied Sapsucker 83. coronata 10, 15, 16, 35, 47, 102. 
Yellow-billed Cuckoo 82. leucophrys 9, 12, 18, 42, 102. 
Yellow-breasted Chat 117. intermedia 9, 48, 102. 


Yellow-crowned Night Heron 62. querula 14, 15, 28, 46, 102. 
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SHEEP SCAB. 


Clarence P. Gillette, M. S. 


The diseases known as “scab” in sheep, “itch” in man and 
“mange” in cattle, horses, dogs and other animals are caused 
by minute animal parasites that feed upon or just beneath the 
surface of the skin. 

These parasites are spider-like in structure and belong to 
the true mites, which differ from spiders in being, for the greater 
part, minute in size, in having but six legs when young, and in 
having the three parts of the body, head, thorax and abdomen, 
all united in one. (See figure 1.) 

Although the different species of mange mites look very 
much alike, it is seldom that a species that infests one kind 
of animal will live upon any other. The species (Psoroptes com- 
munis) that causes common scab of sheep is known to infest 
horses and cattle, though it seldom thrives well upon them. 

Common scab has long been considered one of the worst 
maladies that sheep are subject to in this country, and it has 
also attracted a large amount of attention in Europe and Aus- 
tralia. As the parasites readily spread from sheep to sheep, 
the disease is properly considered a contagious one and rigid 
quarantine laws have been enacted nearly everywhere that the 
disease prevails to prevent, as much as possible, its spread into 
uninfested localities. 

Sheep-feeding has become a very important industry in Colo- 
rado during the past few years. Hundreds of thousands of 
lambs are fattened for the eastern markets during the winter, 
and nearly all require to be dipped for scab. There is a wide 
diversity of opinion among feeders as to the best dips to use 
and as to the best methods of handling the flocks to prevent 
or cure scab, and it was with a view of Settling, or, at least, 
throwing some light upon these questions, that the experiments 
and observations reported in the following pages were under- 
taken. The work has only been in progress during the past 
winter and spring and is necessarily incomplete. In fact, the 
present paper should be considered as a progress report rather 
than a report upon a finished work. I hope, next fall and win- 
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ter, to make extensive tests of the more promising dips by 
treating a thousand or more scabby sheep in each.* 


SYMPTOMS OF THE DISHASE. 


The infection nearly always occurs along the back of the 
sheep between the base of the neck and the tail. Bad patches 
sometimes occur well down on the side of the sheep and even 
upon the tail. The presence of the mites causes uneasiness and, 
apparently, intense itching, which the animal endeavors to re- 
lieve by pulling the wool from the infested spot with its teeth 
(“digging”), or by rubbing. The first indication is usually a 
small loose lock of wool projecting from some place upon the 
side or back of the sheep. If not attended to, the scabby spot 
increases rapidly in size and the continual pulling entirely re- 
moves the wool so that there is soon a bare spot of greater 
or less extent. Fortunately the mites are gregarious in habit, 
i. e., living in colonies and not scattering themselves over the 
sheep generally, so that a thorough treatment of the infested 
spot will usually result in a permanent cure unless re-infection 
takes place from some other animal. 

When a spot is just starting with, perhaps, a single mite 
upon it, it can be detected by one who has had a little ex- 
perience, from the pale or yellowish color of the skin and its 
moist surface, due to an exudation of serum. The certain test 
is to actually find the mite or mites present, which is not a 
difficult matter if one has a fairly good hand lens. 

A little later this patch will have increased in size, the 
central portion will be covered with a yellowish scaly or mealy 
material somewhat resembling dandruff, produced by the dry- 
ing of the serum. Finally these spots become thickly covered 
with scales or “scabs,” and the mites mostly migrate into the 
wool about the margin, where, with their eggs, they often al- 
most cover the skin. I have seldom found mites or eggs under 
very heavy scab. Sometimes a heavy reddish scab, indicating 
the presence of blood and an open sore, are found, but such 
cases are not common in my experience. 


HOW THE DISHASH IS SPREAD. 


As the disease is caused by a living creature that is able 
to crawl freely about and to live for several days, either in 
the egg or mature state, off the body of the sheep, it is easy 
to understand how the infection may spread from animal to ani- 


ah rey 

i *The manufacturers of Zenoleum and Skabeura have already offered their 
aips in any quantity desired for a test, free. This certainly shows the confi- 
dence these manufacturers have in their respective dips. 
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mal. The spreading of the disease is greatly helped by the 
rubbing and pulling of the wool, which often removes num- 
bers of both mites and eggs. 

These mites are never winged and their power of locomo- 
tion is not great, so that I do not think it likely that one of 
these parasites would be able to travel more than a very few 
rods in its lifetime. 


HOW LONG YARDS MAY RETAIN THE INFECTION. 


It is important to know how long these mites or their eggs 
may remain alive in the yards or corrals after the sheep have 
been removed. My experiments: have all been conducted since 
last November, so they are not as complete as could be de- 
sired. I feel very safe in concluding from them, however, that 
it would be impossible to carry the disease over in the cor- 
rals from one year to another, or from fall to spring or spring 
to fall, and it seems highly improbable that the eggs or mites 
can be kept alive more than a few weeks under ordinary con- 
ditions. In my experiments, a temperature of 0, or 4 or 5 de- 
grees below, have killed both eggs and mites in every case. 
Eggs kept at a temperature near that of the body will hatch 
in from four to eight days, and mites kept at the same tem- 
perature will seldom live more than five days without food. If 
kept in a temperature below that at which the eggs will hatch 
or the mites be active, both will retain vitality for a much 
longer time, but just how long I have not yet fully determined. 
For farther information on these points, see tabulated state- 
ments and notes. 


DUSCRIPTIONS OF THE MITES AND THEIR DGGS. 


Figure 1 will show the structure of these mites to the 
average reader better than a technical description. In all stages 
they are nearly white in color; the females are a little larger 
than the males, and are about one-fortieth of an inch in length, 
or almost exactly the size of the dot of this letter (i) when fully 
grown. The mature insects have four pairs of legs, like the 
spiders, but the last pair is small, and in the young they are 
entirely wanting. A very noticeable peculiarity in these mites 
is the long gossamer threads attached to the third pair of feet, 
and which trail behind them as they travel along. In a newly- 
hatched mite I have seen these threads fully two and one-half 
times the length of the body, and so slender that it required 
a rather high power of the microscope to see them at their 
distal ends. The males can be distinguished from the females 
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by their more rounded form of body, the smaller fourth pair 
of legs, which do not have the gossamer threads, the two teat- 
like projections at the extremity of the abdomen, and the large, 


Lidl 
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Figure I.—Sheep Scab-Mite (Psoroptes communis): 1, adult 
female, dorsal view; 2, egg; 3, newly hatched young; 4, jaws. 
which are also shown at 5aa; 5, head and one fore leg, showing 
mouth parts and sucker-like foot; 6, male above, female below, 
in copula. (Copied from Animal Parasites of Sheep, by Curtice.) 


flesh-colored area on the posterior dorsal part of the body. 
Whenever any considerable number of specimens are taken to- 
gether there will nearly always be a few pairs in copula, as 
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shown in Figure I., 6. The eggs are white or whitish-translu- 
cent in color, about twice as long as broad and very large as 
compared with the mites. They are about four-tenths the length 
of the mature female and eight of them would entirely cover 
her body. They are deposited upon the surface of the skin 
of the sheep and not upon the wool. They stick readily to 
anything that touches them, especially to wool, so they are 
not readily lost from the sheep if anything should dislodge them 
from the skin. 


EXPERIMENTS FOR THE DESTRUCTION OF THE MITES AND 
THEIR EGGS—NOTES ON SUBSTANCES USED. 


The following substances were all used for the destruction 
of the mites or their eggs in the laboratory, but only the first 
ten were applied to sheep. 

*The Fort Collins Lime and Sulphur Dip—I have called this 
the Fort Collins dip because I know of no name previously 
given to lime and sulphur dip used in the same proportions. It 
contains lime, eleven pounds; sulphur, thirty-three pounds to 
100 gallons of water. The lime and sulphur are first thoroughly 
mixed in a small amount of water and boiled for about two 
hours and then diluted to 100 gallons and used at about 110 
degrees temperature. In my experiments the temperature was 
only about 90 degrees, and the sheep were kept in two minutes. 

Dr. Headden, our station chemist, tells me that, if the lime 
is of good quality, it should take but one pound to cut four 
pounds of sulphur, and that it is the excess of lime used, or 
faulty preparation in the lime and sulphur dips that does the 
injury to the wool that is so often complained of. Mr. Drake 
tells me that there have been no complaints of injury to the 
sheep he has dipped in lime and sulphur. 

California Dip—Sulphur, 100 pounds; lime, twenty-five 
pounds; water to make 100 gallons. 

The lime and sulphur were first mixed in a small amount 
of water and boiled about two hours before using. 

Also used at one-half the above strength. 

Potassium Sulphide Dip—This substance was first suggested 
by Dr. Headden, who furnished me with a quantity of the crys- 
tals as purchased upon the market. These seemed less effectual 


*Mr. W. A. Drake, an extensive purchaser and feeder of sheep near Fort 
Collins, tells me that he has put 38,000 sheep through a dip prepared in this 
manner the past fall and winter. and in only one instance has fresh scab 
appeared when the sheep were twice dipped, and he thinks that due to putting 
a scabby sheep in the bunch after dipping. The sheep were kept in the vat 
only one-half minute. 
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than what he afterwards prepared by boiling together sixty 
pounds of sulphur and nine pounds of washing soda in a small 
quantity of water, and then diluting this to 200 gallons of the 
dip. The crystals were used in the proportion of one pound to 
five gallons of water. 

Cooper Dip—This is one of the arsenic-sulphur dips. It is 
manufactured in England and is one of the leading dips upon 
the markets. It is sold as a fine yellow powder in paper pack- 
ages of about ten pounds weight. It mixes readily in either 
cold or warm water. 

Black Leaf Sheep Dip—Manufactured by The Louisville 
Spirit Cured Tobacco Company, Louisville, Ky. The manufac- 
turers claim this to be a pure and highly concentrated extract 
of tobacco. It mixes readily in cold or warm water, but the 
manufacturers recommend that it be used at 110 to 120 degrees. 
It is a pleasant dip to use in that it requires no stirring during 
the dipping and does not dry or chap the skin like the lime 
dips. 

Skabcura—Put out by The Skabcura Dip Company, Chicago, 
Ill. This, like the preceding, is a tobacco dip. A bottle con- 
taining enough of the dip for 100 gallons of water is claimed 
to be the extract from 200 pounds of tobacco stems. It mixes 
with great readiness in water, cold or hot, and is a pleasant 
dip to use. 

Zenolewum—Manufactured by The Zenner-Raymond Disin- 
fectant Company, Detroit, Mich. 

This dip, also the three succeeding ones, seem to be coal- 
tar dips. They are black, sirupy liquids, mixing without the 
slightest difficulty in cold or warm water and having a distinct 
tarry odor. When put in water they all form a white mixture 
(an emuision) resembling milk. They are all recommended as 
disinfectants and washes for sores, and when put upon the skin 
leave the latter soft and oily with no disagreeable after effect, 
so that the men using these dips took pleasure in washing their 
hands in them to make them soft. | 

Chloro-Naptholeum—Put out by The U. 8. Manufacturing 
Company, Minneapolis, Minn. Seems in all respects like the 
preceding except that when emulsified with water it does not 
form quite as white a mixture. 

: Quibel’s Liquid Dip—Manufactured by Quibell Brothers, 
Newark, England. This dip seems in all respects like the pre- 

ceding. 
Eee tnsent loneti sat LSS by Sulpho-Napthol Company, 
s , Mass. rave had but a small quantity of this dip to 
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experiment with, but it seems like the preceding three dips, 
except that it did not form so complete an emulsion with water, 
a small amount of black, oily fluid rising to the top. 

Australian Dip—Sulphur, 150 pounds; lime, 100 pounds, to 
100 gallons of water. The lime and sulphur were mixed with a 
small amount of water first and heated until all became a bright 
red liquid and then diluted to 100 gallons. 

Copperas Dip—Copperas, thirty pounds; water, 100 gallons. 

Flour of Sulphur—The dry powder used pure. 

Flour of Sulphur in Water—Used in the proportion of ten 
pounds of sulphur to 100 gallons of water. 

Curtice Dip—Tobacco leaves, fifty pounds; sulphur, ten 
pounds, to 100 gallons of water. The tobacco was first thor- 
oughly steeped, after which the leaves were removed and the 
sulphur put in the decoction and boiled for a half hour. 

Milk of Lime—Lump lime, 150 pounds; water, 100 gallons. 
Lime slaked in the water and used at once. 

Tobacco Decoction—Tobacco dust, 200 pounds; water, 100 gal- 
lons. The tobacco was steeped in the water and then the leaves 
squeezed and the strong decoction used in full and one-half, 
one-fourth and one-eighth full strength. 

Quibell’s Powder Dip—Put out by the same company as Qui- 
bell’s Liquid Dip. This dip seems almost identical with the 
Cooper Dip. Like that dip, it is sold in paper packages, and was 
use in the proportions recommended by the directions. The pow- 
der dissolves readily in hot or cold water. 

Arsenite of Soda Dip—White arsenic, one ounce; carbonate 
of soda, one ounce; water, one gallon. The arsenic and carbonate 
of soda were first put in a small amount of water together, and 
boiled until the arsenic became entirely dissolved, and then the 
remainder of the water was added. Also used in weaker solutions. 

Carbolic Acid and Corrosive Sublimate—Carbolic acid, eight 
parts; corrosive sublimate, one part; water, 1,600 parts. (Sug- 
gested and prepared by Dr. Headden.) 

Carbolic Acid—Pure carbolic acid in water in proportions 
varying from one part in 100 to one part in 2,000. 

Kerosene Emulsion—Soap, one pound; water, one gallon; kero- 
sene, two gallons. After making the emulsion in these propor- 
tions in the usual manner the whole was diluted to sixteen gal- 
lons. Also used in one-half this strength. 

Pure Kerosene—Used without dilution. 

Alcohol—Used 95 per cent. pure. 

Whale-Oil Soap—Used in the proportion of one pound to 
two gallons of water. 


ears 
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*Orude Aniline—Dissolved in water in the proportion of one 
to 800 by weight. ; 

*Phenyl Hydrasine—Dissolved in water in the proportion of 
one to 500 by weight. 


MANNER OF APPLYING THE DIPS. 


Unless otherwise stated in the notes upon the different dips, 
it will be understood that all were used at about 95 degrees 
temperature, and that the time of dipping was two minutes. 
In the laboratory experiments the mites were in each case pro- 
cured on the day of the experiment by pulling wool from live 
scab. The mites were treated by dipping the wool that they were 
on into the various substances used, and, after two minutes, re- 
moving the wool and hanging it on pins to dry. This was thought 
to come as near the natural conditions as it was possible in the 
laboratory. 


In most cases the dipping was done between five and six in 
the afternoon, and the first examination made between nine and 
ten the next morning. Examinations were made under a dissect- 
ing microscope, and all mites that could not be induced to move 
were accounted dead. When possible, a second or even a third 


examination was made, but the pressure of other work often made 
this impossible. 


It must not be concluded that all dead mites found after 
treatment are necessarily dead because of the treatment, as an 
examination of the check lots will show that when removed 
from the sheep and kept in a warm atmosphere the mites died 
rapidly after the first few hours when untreated. 


LABORATORY EXPERIMENTS. 


The final test of any dip must be upon sheep infested with 
scab. Laboratory tests are of much value to the experimenter 
in that they can be conducted in larger number under conditions 
that can be more completely controlled, and they give informa- 
tion that greatly aids in the selection of dips of promise and in 
the rejection of those that seem worthless. As very little ex- 
perimental work has been done with sheep dips as yet in this 
country, and, as it is probable that the subject is to attract con- 


*Suggested and prepared by Dr. W. P. Headden. 
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siderable attention in the future, I have thought it best to record 
the results of all my experiments with different materials for 
the destruction of either eggs or mites for the guidance of those 
who may take up the work hereafter. 


HXPERIMEUNTS WITH THE DIFFERENT DIPS. 


Fort Collins Lime and Sulphur Dip—This dip was used upon 
sheep only; the laboratory tests of lime and sulphur dips were 
made in other proportions. 

' On November 18, thirty-five sheep were dipped, care being 
taken that all were put entirely under at least twice. 

Mild cases of scab were known to exist in this bunch, but, 
unfortunately, the men who did the work misunderstood my di- 
rections and put in no sheep having heavy scab, as I intended 
that they should. December 1 the sheep were dipped again in 
the same preparation, no sign of scab having developed in the 
meantime. At this date, April 15, no fresh scab has appeared. 

By purchasing the sulphur in a car-load lot, the feeders at 
this place were able to dip their sheep at less than one cent per 
head in November. 

California Dip— 

Laboratory Eaxperiments—Applied October 27. Examined sixteen hours 
after, when several active, but no dead, mites could be found. 

Experiment repeated November 5. BWxamined sixteen hours after, 
when four active and seven dead mites were found. Bxamined forty hours 
after, when only one living mite could be found. 

Repeated again November 6. Sixteen hours after a single mite was 
found, which was very active. After using this dip the wool would dry 
into a hard lump, so that it was difficult to find the mites at all. The lump 
would crush rather easily into a mass of fine powder. 

Experiment repeated in one-half the above strength, November 5. 
Sixteen hours after there were ten dead and five active mites found. 
Forty hours after there were still five active mites, but only one seemed 
in good condition. 

Experiment on Sheep—One sheep with heavy live scab was 
treated with this dip November 14. 

When examined, November 16, the wool was matted and 
heavily loaded with a fine powder. The wool was harsh and dry, 
and could be easily picked from the sheep with the thumb and 
finger. The wool did not pull from the skin, but would break 
near the body, where the fibres were nearly eaten off by the lime. 
No living mites could be found. No living scab has developed to 


the present time, April 15. 
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POTASSIUM SULPHIDE DIP. 
Table Showing Results of Laboratory Experiments. 


Condition Condition 
Date of Treatment BO es a Strength Used 
Dead Alive Dead Alive 

**# November. fT. .<.-.2-<- 13 ° ih sash Full Strength 
**November I_..-..-.--- 3 Uf 10 ° % Strength 
November 3_._.-.----- 3 cf 7 3 ¥% Strength 
INOVeMber = Aso cas nse-5 8 2 ae ah Full Strength 
November Gace 8 se 22 5 27 ° Full Strength 
November 6.____...--- ) All eat oo ¥% Strength 
November 11____-_____- Few ° as. es Full Strength 
November 15...._---.-- 5 5 eas pie Full Strength 
November 16.5. 3:82. Gy) 2 9 ) Full Strength 
Wovember 27... ....-- 9 16 ae Sa Full Strength 


The laboratory experiments with this dip were not at all encouraging. 
Hxperiments upon sheep did much better. 


Only the crystals were used in the laboratory. The “full strength” 


mentioned in the table was in the proportion of one pound of crystals to 
five gallons of water. 


Experiments on Sheep—The crystals were used in the propor- 
tion of one pound to five gallons of water, on November 10, to 
dip one sheep with a rather large patch of heavy scab on its 
back. The sheep was dipped but once. The weather being rather 
cold the sheep was kept in a barn for a few days. 

A lock of wool was pulled twenty-four hours after the dip- 
ping, on which were found thirty-three mites, and all but one 
seemed dead. The wool at this time was quite wet. 

Forty-eight hours after another lock of wool was examined, 

on which I found six apparently dead and six active mites. The 
wool was still moist on the sheep. 
The sheep was repeatedly examined at intervals of a few 
days. The mites soon began to increase rapidly, and by the tst 
of December the sheep had a bad case of scab again. On Decem- 
ber 12 the sheep was dipped in Zenoleum, one part to 200 of 
water, and showed no signs of scab afterwards. 

Experiment repeated November 18. At this time a bunch 
of forty sheep was dipped in a preparation made by Dr. Headden 
as follows: : 

Nine pounds of potash lye (caustic soda) were dissolved in 
four gallons of water, and then thirty-two pounds of flour of sul- 
phur were added slowly, while the liquor was kept at boiling 


heat. After boiling one hour, the whole was put in the dipping 
vat and diluted to 200 gallons. 


**In these two experiments the wool was put in a glass tube before it was 
perfectly dry and so kept moist the whole time, which probably accounts for 
the greater effectiveness of the dip in these than in later experiments. 
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Forty sheep were dipped in this mixture, several of which 
had heavy scab. After drying, the wool was full of a very fine 
yellow powder that kept the skin of the sheep completely cov- 
ered. The sheep were dipped again December 1. No live scab 
has developed on any of these sheep since the dipping. 

I have a letter from Leggett & Brother, New York, offering 
the lye, or caustic soda, in lots of 1,000 pounds or more at the 
rate of four cents a pound on board the cars. Calling the sulphur 
four cents and the lye five cents, after adding freight, and I think 
these are outside figures on large lots, it would make the dip 
cost only about eighty cents for 100 gallons. At these figures 
this dip would rival the lime and sulphur dips for cheapness, 
and the lye is more easily handled than the lime. It may be diffi- 
cult to understand why the potassium sulphide crystals did not 
do as well as the same substance made by using the sulphur 
and lye, but the former left but little powder in the wool, while 
the latter left a large amount of it on drying, and I believe the 
mites are unable to endure, for a very long time, being covered 
with a dry powder of any sort. It will not do to rest the value 
of this dip upon a single experiment, but it seems to me to give 
promise of being a very cheap and practical dip. I hope to be 
able to test it farther at another time. 

It will be noticed that all the lime and sulphur dips did 
better on the sheep than in the laboratory experiments. I believe 
it to be due to the continuous action, on the mites, of the fine 
dust that remains so long in the wool after dipping. There is 
some reason to think that the action of these dips is largely to 
drive the mites from the sheep and cause them thus to perish. 


LABORATORY EXPERIMENTS WITH COOPER DIP. 


aa. Condition after Condition. after 
16 Hours 40 hours 
Date of Treatment 
Dead Alive Dead Alive 
POCHODERSY. foie ssnsse.5e5- Be oe 2 jane aoe Io 12 
IN GOVEID Cnn Bie noe oes eee se aaa eee ee a4 16 I 
Noveniber 4.--_-.----=- =-=--------=--------== 13 I 14 Co) 
IIOVEIIDED (Sues. 9 Jase ene = see =~ ete a ee I 6 ° 
November 9_-.---..--------------------------- 2 Sek 10 3 
MMVII DEL (LI 6 oieinc cee ee aro ae we ees sens 10 4 aA, 
November 27.._....---------------------+----- : f 10 SB 
PRO EHS eee eine te a ron ca ae ese ane 28 6 56 16 


One lock was dipped on November 5 at one-half the ordinary strength. 
and at the end of forty hours there were ten dead and five living mites. 


*This lock of wool was dried on paper after dipping, which took the water 
out much more quickly than if dried like the others. This probably accounts 


for the lessened effect of the dip. 
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Eaperiments on Sheep—On November 10, one sheep, with 
moderately heavy live scab on the back, was treated with the 
Cooper Dip—one pound to ten gallons of water. 

The sheep was kept in the barn for a few days. Twenty-four 
hours after dipping the wool was still very wet. A lock was 
pulled and examined that contained forty-seven dead and nine 
living mites. 

At the end/of forty-eight hours the wool was still moist. 
An examination showed a good number of dead and one living 
mite in the wool. . 

On November 18 the sheep was examined again, and an 
occasional living mite was found. By far the greater number 
were dead. The living mites were fully grown, and could not 
have come from eggs since dipping. The sheep was examined 
November 16, and again December 5, and a few living mites 
found on both occasions. On December 12 it was dipped again 
as before. The sheep has shown no scab since. 

November 18, a bunch of forty sheep was treated with 
Cooper Dip, and the treatment was repeated December 1. In 
this bunch there were but three known cases of scab, and two 
of these were rather light. One sheep had a rather heavy, but 
not large, patch of scab on the rump. No farther signs of scab 
were noticed until January 7, when the sheep that had the some- 
what heavy scab on the rump was seen “digging,” and an ex- 
amination showed a small spot of fresh scab near the old one. 
This sheep was “patched,” and there have been no signs of scab in 
this bunch since. 

This dip has been largely used in this vicinity for some years, 
and is considered by many feeders as a good dip, but most of the 
men who have used it tell me that unless there is very slight 
signs of scab among their sheep they have to dip twice, and if 
the sheep are very scabby they nearly always have to do some 
“patching” after twice dipping. The expense of the dip is about 
twice that of the lime and sulphur. 
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BLACK LEAF DIP. 


Table Showing Results of Laboratory Experiments. 


Condition after | Condition after | Condition after 
Se 16 hours 48 hours 4 days Strength 
Dead | Alive | Dead | Alive | Dead | Alive 
INovemDeri ico See es 6 i } 
eNovetiber: 23-2 eee fo 10 3 13 ° 
WNovemben 6). 98 62555). 3. 3 6 6 3 6 Bi | Wicesos ao 
INovember27) 2.625. 5-. cae as 9 9 eee 9 
WECCM Det I2h ema ey 1 ee So 12 3 
NoventbersgyS rt -00) Mey yb 4 5 6 9 2 ae, ier. ken geaety 
INGVenibeta6: SS 5- es oe 5 ens ° 18 4 I4 Rew) |\Several|= 2 n- ay 
NOME DEeI a hh aes ata gee Jae 6 13 14 5 bers's eee, Sierras roo 


Eazperiments on Sheep—One sheep with a patch of moderately 
heavy scab, the size of a man’s hand, was dipped with Black Leaf 
Dip, in the proportions of one to forty by measure, on Novem- 
ber 10. 

The sheep was examined twenty-four hours after, and sey- 
eral mites seen crawling about in the wool. The wool was still 
quite wet. Two days after the application a lock of wool was 
pulled, upon which ten living and about an equal number of dead 
mites were found. The living mites seemed rather sluggish. 

November 13, the sheep was examined and only an occa- 
sional living mite could be found. Those found were too large 
to have hatched from eggs since dipping. On November 16, a 
careful search revealed but two mites, and on the 19th I looked 
in vain to find a living mite. The sheep was also carefully 
examined on December 5 and again on the 19th, without my 
finding mites or living scab. 

On February 6 the sheep was noticed rubbing its tail against 
a feeding trough, and on examination it was found that there 
was a bad patch of scab covering most of the dorsal surface 
of that organ and two small spots were starting on the rump 
at the roots of the tail. The mites that survived the effect of 
the dip seem to have migrated to the tail and were there over- 
looked in previous examinations. 

Experiment Repeated on a Larger Scale—On November 18, 
three bunches of sheep of forty each were treated with Black 
Leaf Dip in the proportion of one gallon to forty-two gallons of 
water. These bunches were treated again December 1. There 
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were a few cases, only, of rather mild scab among these sheep. 
On the second day after dipping, one sheep was found with a 
few living but apparently sick mites. Since that time no scab 
has developed in any of the pens containing these sheep. _ 

Three sheep known to have some scab when first dipped 
were kept out at the second dipping, and one of these on 
January 8 was found to have a small spot of live scab near 
the old patch of moderately heavy scab. The other two cases, 
which were rather mild, were entirely cured by the one treat- 
ment. 


All my experiments seem to indicate that this dip kills 
slowly but quite surely. Moderately bad cases were in some 
instances entirely cured by once dipping, while others broke out 
again. The dip is a pleasant one to use but is rather expensive. 
I hope to test it further. 


SKABCURA DIP. 


Laboratory Experiments—November 3, mites were dipped in this prep- 
aration in twice the recommended strength. 


Sixteen hours after, seven mites were active and about an equal 
number (not counted) seemed dead. At the end of forty-eight hours only 
four mites remained active. 


Another lot was dipped on the same date in the recommended 
strength of this dip. Sixteen hours after, all seemed perfectly active. 
After fifty-six hours many were still active. No count was made. 


This dip seemed much more effectual when applied to sheep. 
Experiment on Sheep—On November 10, one sheep with 
moderately heavy scab was dipped with this preparation. 


A lock pulled from the sheep twenty-four hours after, gave 
four dead and ten active mites. 


Another lock, taken forty-eight hours after treatment, gave 
ten apparently dead and nineteen active mites. On November 
13 only a very few living mites could be found on this sheep, 
and on the 16th of the same month I was unable to find any, and 
none have appeared since. 


My early laboratory experiments with this dip were so un- 
promising that I dropped it to take up dips of more promise, 
but in following through the effects of the dip on the one 
sheep treated, it seems that the effect of Skabcura is much 
like that of Black Leaf, namely, having a cumulative effect, ex- 


regen over a number of days. This dip seems to me to prom- 
ise well. 
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ZENOLEUM. 
Laboratory Haperiments—My first experiments with this dip were in 
the proportion of one part to twenty-five and one part to fifty of water. 
All were killed that were thus treated. 


Table Showing Results of Laboratory Experiments. 


. Condition after 
Date of Treatment eee pee be 
Use 
Dead Alive 
INGV@MDEres4s fF FALE! PORES Sh APRA EY a ee. od 6 ° | 
November w62-- Ac Sok. es er a eee ee ee 18 ° f Cele tho 
INOVehID ere 6. es Saye tn 50 ATT Poa eae eB 12 ° J 
INGventber AOuss be. Ate 2 SUSE Le as ee 13 ° } 
INOVICRID ELM iC are ee = er FY tal 8 et ne ag AIDA PID AL hhh 10 ° | 
November 1 iat fal ale Ai eee ke cae Ld Oe a ST cae lA 8 ° | 
WOECERAD ete 2. see sey ee ee et Ay eR ete Cae ENN 13 ° | 
BECEIN DET © Shere 2 eee ea ce eet are WEA Ae ye 14 On Pall eee abo 
BUCCI OL ESOS ee i Oe et a en eens saan: FD me chet toe Io ° | 
TANCE Ae oly eel ee ae Sree SI a ace ee Rie Ei ce 30 ° | 
1a SALES Cee a a Sa ee ene 2 tall 20 Co) i) 
INovenibers/9y. 22 -S c- SF e pe Ee re ee ed 9 ° } 
ISON Ke} Coll OL 1) A ee eS ee, A ee Sees ee a 16 ° | 
November ee en pe ae ee oe NE Nee Gee SRN ae 19 ° 
INO MENIDOr AT eee Si oe Me SRL eee da ele ee ues 6 ° ae 
WeCe rer) Tah. a hs 8 36 se 2 AN Bein yee de Be ee 14 x 
Mebrua ry Or. Se ot sake Sse dt ee ees ee eee 43 I | 
Rebrigry "6 san jesse oF Pare eh NS 2 ee se 28 io 3 Sees Bee 27 I J 
INGvVeEtber rise Sees beet saad, SESS ee Bes eee 20 ° 
INGOT DEDET 2 psomten te ee Lg eyo te Lone ee ee 36 II | 
ees 300 
INOVEHIDERD IGLEe toe see eie lee ee a | 12 10 
DWecenberpi2- sense 2535 Dies, 62 Pet) 2 eee eee 10 10 J 
INOVeII OOO Ils. Sie es cseel SCR eit) Ade Sy oe eee 2 5 \ abe 
INOVGi Detar? tee ses L828 SPL 2 eee ees see ° 8 
BNOVETI DEI aren fue oe as he tec hee ee eg ea ) Many |_..---svo0 


The experiments with this dip gave such promising results 
from the start that I was led to test it more thoroughly than 
any other, both in the laboratory and upon sheep. 

Experiments on Sheep—One sheep with very heavy scab cov- 
ering a space about six inches wide and twelve inches long on 
the shoulders and back was dipped with Zenoleum, diluted 100 
times with water, on November 10. 
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The sheep was examined the next day and many times 
thereafter, but no live scab appeared again and no living mites 
have since been found. The scab healed quickly and the sheep 
has done well ever since. 

On the same date anotber sheep with heavy live scab was 
dipped in Zenoleum diluted 200 times. Twenty-four hours after 
dipping, wool was pulled showing many dead mites but no 
living ones. The sheep has been frequently examined since, but 
no live scab has appeared during the six months. 

On December 12, one sheep not cured by previous dipping 
with potassium sulphide, was dipped in Zenoleum diluted 200 
times, and has shown no live scab since. 

On the same date, two sheep, one with a small patch of 
light scab, and one with a small patch of rather heavy scab, 
were dipped in Zenoleum diluted 600 times. In both cases the 
scab seems to have been completely cured, no signs of live scab 
appearing since. 

A Bunch of Sheep Dipped Once—On November 18 a bunch 
of forty sheep, many of them with heavy live scab, was dipped 
in Zenoleum diluted 200 times. No scab was afterwards found 
in this bunch until February 9, at which time six cases of 
live scab were found, all but one very light. It was found 
that the one sheep with heavy scab was put in the bunch on 
December 13 in order to make this bunch of sheep compare in 
numbers with other bunches that were to be used in a feed- 
ing experiment. The scab had gone unnoticed, as it had de- 
veloped in a large patch of short wool that could not be pulled 
by the sheep. It seems to me that the presence of this one 
sheep would readily account for the five incipient cases. How- 
ever this may be, there were several bad cases that never showed 
any scab after the dipping. 

A Bunch of Sheep Dipped Twice in Zenoleum, Diluted 200 
Times—Another bunch of forty sheep that was dipped in Zeno- 
leum, one to 200, on November 18, was dipped again on December 
1. This bunch, like the preceding, had a good number of cases 
of heavy scab. 

No live scab was found in this pen until February 9, when 
the sheep were all examined and one was found with a small 
patch of fresh scab about one inch in diameter. On December 
18, three sheep were put in this pen also, preparatory to a feed- 
ing experiment, and on the date that the scabby sheep above 
mentioned was found, these three sheep were also found to 
have some scab; one of them had a bad patch on its tail, which 
it was seen rubbing on a feeding trough. The three sheep were 
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“spotted” and no scab has since appeared. It seems probable 
that the sheep put into the pen were the cause of the one 
sheep that had been dipped with Zenoleum getting scab again. 

A Bunch of Sheep Dipped Twice in Zenoleum, Diluted 400 
Times—On November 18, and again December 1, a bunch of forty 
sheep was dipped in Zenoleum diluted 400 times. No live 
scab appeared again until March 2, when one sheep with a 
small patch, less that an inch in diameter, was found. It is 
the only case that has appeared. This bunch had a good num- 
ber of very scabby sheep when dipped. 


EXPERIMENTS WITH CHLORO-NAPTHOLEUM. 


Table Showing Results of Laboratory Experiments. 


Condition after Condition after 
Date of Treatment. ees 44 Hours otrenatH 

Dead Alive Dead Alive 
Noveniberig alia) uh Ss he eee’ All ) Sus ee 2 
INOVEMIDEI 26 fii 4 soot See ee 30 Oo pue ihe fcccecee xd 
INOVEMDEN Taos foc Sots oe ed Many 2 axe eo , re 
VIS AYO Se ee Ee ea eer 14 a wer ee tte z 
INovemberird):_ 9 ss Sia ee eee eee 8 8 is r : Ey 
INGVERIDETHO 8 5 te ee en ene Es 15 3 a STA oy het is: Y 
IN OVE DED EA eg ones Soe ee ee ) All as Bash i re 
DNOVGHIDOLIO mia oo ae ee ee on aes 3 Arn ae re B 


Applied to Sheep—On November 18, this dip was applied to 
forty sheep in the proportion recommended on the cans, which 
is three quarts in 200 gallons of water. There were a few cases 
of mild scab in this bunch, but no heavy scab. The treatment 
was not repeated and no scab has appeared since dipping. Fur- 
ther experiments are necessary before drawing definite con- 
clusions regarding this dip. — 


EXPERIMENTS WITH QUIBELL’S LIQUID DIP. 


Table Showing Results of Laboratory Experiments. 


Condition after 
Date of Treatment 1 Hoes eons 

Dead Alive 
1B SREEE: 8G Log eee Rn ae are Peel ie tee eS ee 14 COR ath Mee wi ru 
RR RESER EN eee a ae Satanic So a als 5 Ae a a eee 10 On a erecta: abo 
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Experiments on Sheep—On December 12 six sheep were 
treated with this dip as follows: Two sheep in a mixture of 
one part of dip to 200 parts of water; two sheep in a mixture 
of one part of dip to 400 parts of water; two sheep in a mixture 
of one part of dip to 600 parts of water. One of the sheep, dip- 
ped in the strongest preparation, had a large patch of heavy scab 
along the back, while the other had only a very small patch of 
light scab. In each of the weaker mixtures one sheep was dipped 
having a small but moderately heavy live scab, and one having 
one or two patches of very light scab. The sheep with heavy 
scab, dipped in the strongest mixture, was not cured, the mites 
continuing both on and about the old scabby spot. The one hav- 
ing very light scab was cured. 

The two sheep dipped in the one to 200 strength were both 
cured. 


The sheep with the heavier scab, dipped in the one to 600 
strength, was not cured, while the one with incipient scab has 
shown no signs of scab since dipping. 


LABORATORY EXPERIMENTS ONLY. 
SULPHO-NAPTHOLEUM. 


This dip was not obtained in time to enable me to do much with it. 
A lock of wool containing thirty-seven mites was dipped in this substance, 
diluted 200 times, and at the end of sixteen hours all were dead. Another 
application in one-half the above strength, in which forty-two mites were 
used, resulted in the death of all within the sixteen hours. 


QUIBELL’S DRY DIP. 


Three different lots of mites on wool were dipped in the proportions 
recommended on the packages. Sixty-six mites were included in the ex- 
periments, about one-third of which were alive at the end of sixteen hours. 
In one case the mites were examined after sixty-four hours and several 


found active. The indications are that this will not prove a very ef- 
fectual dip. b 


CARBOLIC ACID. 


One part to 100 parts of water. One lot of six mites were all dead 


after sixteen hours. One lot of fourteen mites gave nine dead and five 
living after twelve hours. 


‘eg One part to 200 of water. A lot of fifteen mites treated in this 
aoe all aes dead at the end of sixteen hours. Another lot of a 
good number, but not counted, were about half deg g 
twelve hours. 8 At: RS) a 
Fr “One part to 400 parts of water. One lot treated, and about half were 
active at the end of sixteen hours. Also used in proportions of 1 to 500. 
1 to 1,000 and 1 to 2,000, but in no case did the treatment seem to kill 
any mites inside of sixteen hours. As carbolic acid is a dangerous sub- 
stance to put animals into, it seems as though it is very doubtful if it can 
be employed safely in sufficient strength fo kill the mites. 
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ARSENITH OF SODA. 


Table Showing Results of Laboratory Experiments. 


Condition Condition 
Date of Treatment ie Tie Se et ans Strength Used 
Dead Alive Dead | Alive 

Novem ber5.s. 520.2 id. 3 12 fo) haa ab bay Full Strength 
Wovenmbern62: see -. 10 4 7 | ¥% Full Strength 
INOVent ber ori ee. 10 ° NS nase % Full Strength 
November air e222). 2S 12 ° ce fay ¥% Full Strength 
INDVEIMDEL Iles. . nt le 3 3 4 2 ¥% Full Strength 
Wovemiber ris! i2 )c 6-2-2 16 9 soe Few Y% Full Strength 
WeCEMDEr = Opts oe esse l a 10 6 10 6 Y% Full Strength 
December) 62.6.2 25-222: 6 10 4 12 Y% Full Strength 


> 


Full strength, as given in the above table, would be one ounce of 
arsenic and the same of carbonate of soda to one gallon of water. The 
experiments would indicate that, if used much weaker than this, it would 
not be very effectual. I believe this dip too poisonous to be used with 
safety. 

AUSTRALIAN DIP. 


Laboratory experiments with this dip were not satisfactory, as the 
solution on drying became a hard lump that inclosed the mites. On crush- 
ing this it became a mass of dry powder. Most of the mites that could 
be found after sixteen hours were dead, but in nearly every case a few 
living were found also. 

There is no doubt but what this would be a very effectual lime and 
sulphur dip, but I believe it too strong to use on the sheep, and stronger 
than is necessary to kill scab. 


COPFERAS DIP (GREEN VITRIOL). 

Two tests were made in the laboratory of copperas as a dip. In 
one, the proportions were three pounds of the crystals to ten gallons of 
water, and in the other three pounds of the crystals to twenty gallons 
of water. In the former strength, about one-third of the mites were 
quiet at the end of sixteen hours, and in the latter strength only one 
mite in eight seemed dead at the end of the same time. At the end of 
forty-four hours one-half of those treated with the weaker solution were 
still active. 

FLOUR OF SULPHUR (DRY). 

Dry sulphur was thoroughly dusted into a lock of wool containing 
scab mites. At the end of sixteen hours four dead and five living mites 
were found, the latter having all left the wool. At the end of forty hours 
two mites were still crawling about covered with sulphur. 


FLOUR OF SULPHUR IN WATER, 
Used in the proportion of one pound to eight gallons, and one pound 
to twelve gallons of water. In the foriuer case there were four dead and 
five active ones at the end of sixteen hours. At the end of forty hours 
one mite covered with sulphur was Still active. In the weaker strength 
all the mites were active at the end of twelve hours. 
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CURTICE DIP: 

Only one laboratory test was made with this dip. After sixteen 
hours there were many active and few, if any, dead mites. At the end of 
five days two active mites were found. 

A very similar dip, prepared in the proportions of four pounds of 
strong tobacco and one pound of sulphur to ten gallons of water, was also 
used. At the end of sixteen hours the mites seemed uninjured. Only 


one test. MILK OIF LIME. 


Wool treated with this dip became a hard lump on drying. After 
crushing the lump, at the end of sixteen hours, three living mites were 
found. Probably there were dead ones present, but, being quiet, were 
not seen. It would seem that lime has but little effect on the mites, 


TOBACCO DECOCTION. 


The first lot dipped was kept under for only one minute, and then 
the wool was dried by laying it on blotting paper. Nearly all the mites 
were lively at the end of four days. The decoction was also used in 
one-half, one-fourth and one-eighth the above strength in the same manner, 
and with the same result in each case. 

Very strong tobacco leaves, from tobacco raised by the horticul- 
tural department, were also used in the same proportion (two pounds 
to a gallon of water), but the dipping was for two minutes, and the dry- 
ing of the wool was in the usual manner. At the end of forty-four hours 
twelve dead and eight active mites were found. 

These experiments seemed so unfavorable for tobacco that I con- 
cluded not to experiment with it farther. It is very possible that tobacco 
has a cumulative effect not shown in these experiments. 


CARBOLIC ACID AND CORROSIVE SUBLIMATH. 


Only one lot treated. At the end of twenty-four hours there were 
twelve active mites and few, if any, that were dead. 


KEROSENE EMULSION. 

Having found kerosene emulsion very effectual in destroying lice 
that infest cattle and hogs, I expected it would be an effectual remedy 
for scab in sheep. My laboratory experiments were so disappointing that 
I did not test the emulsion farther. It might have proven more effectual 
on sheep. 

The mites were first dipped for one-half minute in ful! and one-half 
strengths. At the end of sixteen hours the mites were all lively, though 
wet with kerosene. The experiment was repeated in both of the above 
strengths, and at the end of forty-four hours all the mites were lively. 


KEROSENE. 


Failing with kerosene emulsion, I made one test with pure kerosene 
to see if it would kill. A lock of wool containing mites was dipped for 
one minute. At the end of two hours all the mites were active. At the 
end of sixteen hours four semed dead and five were still active. All were 
wet with the oil. At the end of forty-eight hours all were dead. Kero- 
Sene, either pure or in the form of an emulsion, may be a sure destroyer 
of the mites, but it is certainly not rapid in its action. 


ALCOHOL. 


Finding that kerosene had so little effect, I thought I would 
2 s : g see 
what 95 per cent. alcohol would do. A quantity of mites was dipped for 
one minute in this substance. At the end of sixteen hours all were still 
active, and at the end of forty-eight hours only a few had died. 
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WHALE-OIL SOAP. 

Used in the proportions of one pound to two gallons of water, and 
in one-half and one-fourth of this strength, and with no apparent effect 
in any case. In the strongest preparation many mites were alive at the 
end of sixty-four hours. 

EXPERIMENTS WITH TH EGGS. 

There is a prevailing opinion that the eggs are not killed 
by the applications that destroy the mites, and that, as a conse- 
quence, a second dipping is made necessary to destroy the young 
mites hatching from the eggs that survived the first treatment. 
It is commonly recommended to dip a second time from ten to 
fourteen days after the first treatment, but I can not find that 
anyone has actually determined the time required for the eggs 
to hatch. There is also the greatest difference of opinion as to 
the length of time the eggs may survive when off the sheep, 
some thinking they may live for years, and others that they can 
not survive more than a few weeks. These are all matters of 
very great importance, and the experiments tabulated below 
were conducted for the purpose of throwing light upon them. 
The eggs are difficult to obtain in sufficient numbers for experi- 
mental purposes, and it is not a very easy matter to keep them 
under a very close approach to natural conditions. The method 
that I adopted was to use small glass tubes supplied with corks. 
The cork, in each case, was removed, moistened with saliva on 
the inner end, the eggs for the particular experiment placed upon 
it, where they adhered without trouble after the cork was re- 
placed. The tubes were then carried in an inside vest pocket 
during the day and kept in a warm place during the night. Any 
ordinary low temperature seemed to have no effect upon the eggs 
except to lengthen the period of incubation. 


Tabulated Experiments with Eggs of Sheep Scab-Mite. 


Date of Number of Eggs 
Applica- pete ct Treated With Strength of Dip 
mon Hatched |Unhatched 

Nov. 27 | Dec. 11 co) 9 Black. Leak? steig ei aeeks || Soe eee 1 to 40 
Nov. 7 | Nov. 12 10 ) Black Veate str. stoic: (eee ee: eee 1 to 42 
Nov. 19 | Nov. 27 I ° BInCks Veaty eencenss ae PEN eee ee et LOGO 
Nov. 17 | Nov. 26 2 7 Phenyl Wy drazinevee Peeler see Full strength 
Nov. 17| Dec. 9 0) 7 Grudeganilin eyes eee || tenets Full strength 
Nov. 17| Dec. 9 Co) 2 CrudesAmiliney 22-6) a oes One-half strength 
Nov. 7]| Dec. 9 Ce) 2 BOROVEMTED Ip 2a. eae eo nae ee cee oe 1 to 100 
Nov. 27 | Dec. 11 ° 5 ZenoleumyDip setae se ele. th ee ie 1 to 200 
Dec. 13 | Dec. 24 ) I ZENON TAP ee cee ea es see ae en Ee LOL 200 
Feb. 7 | Feb. 24 ro) 4 Zenole wnt i pases ewes || fe ee et 1 to 200 
Feb. 7/| Feb. 27 ro) 12 ZENGleninn Pipi. 2285 (siete as ee 1 to 200 
Nov. 13 | Nov. 26 ro) 6 EN OVGMM I SI Pieter ets =: || Be eee ener 1 to 400 
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Number of Eggs 
Rppitess pate of Treated With Strength of Dip 
pee Hatched |Unhatched 
Nov. 20] Nov. 26 fo) 13 Zenoleum Dip. -e. 2-25. 
Nov. 20] Dec. 9 ° 13 Zenoleum Dip_____..-._- 
Dec. 13 | Dec. 24 2 4 Zenoleum Dip 
Feb. 7] Feb. 27 Co) 12 Zenoletnt Dipeeriet sah ese ewe e eee 1 to 400 
Feb. 7 | Feb. 24 ° y/ Zenolevum Dips ecu.) nla ee ees ___.. I to 400 
Nov. 13 | Nov. 14 r te) ZenolenmuDip sess ee eee eee 1 to 800 
Nov. 13 | Nov. 17 3 fo) Zenoleum Dips. = tse laos were eek eee 1 to 800 
Feb: 7 | Feb. 27 ° 10 Sulpho-Naptholeum ____ | ---.------------ I to 200 
Feb. 10 | Feb. 24 Co) 9 Sulpho-Naptholewm 2-5/2. 225.) See 1 to 200 
Nov. 20 | Dec. 10 ° I Cooper Dipe ie — 05 sasee | beeen ne See eer eeaetete 
Nov. 27 | Dec. 11 ) 5 Chloro-Naptholeum ____ 
Novag 27 Dechy 5 ° 4 Chloro-Naptholewm: 2325 «| e.2222 24-2 e es 1 to 200 
OVD yl, OCCia LT ° 8 Chloro-Naptholewdmo 22 cee =: eee 1 to 400 
WOVar 27, DEC nt ° 6 Quibell’s Eiquid“Dipsl=: .|| Vase See 1 to 100 
Nov. 27 | Dec. 14 2 5 Quibell’s: Liquids Dip.4. yi tS.c Sad eee I to 200 
Nov. 28 | Dec. 14 ° 9 Quibell’s Liquid! Dip see cea seee are 1 to 200 
Dec.” 13°] Dee. 24 ° 13 Quibell’s Liquid Diplo! seam) aspen ee 1 to 200 
Nov. 27 | Dec. 14 ° 4 Quibell’s Liquid/bipss oi) aes eee 1 to 400 
Nov. 28 | Dec. 14 fo) 14 Quibell's: WigquiduDip ws) | eee es 1 to 400 
Dec. 13 | Dec. 24 ° 4 QOuibell?s Liquid\iDip ss.) eens 1 to 400 
Nov. 27 | Dec. 11 I 10 Quibell’s' Liquid Dip--= = |. =) eee 1 to 800 
Nov. 6] Nov. 12 I ° Potassium Sulphide Dip | __ 1 pound to 5 gallons 
Nov. 27 | Dec. 11 ) 4 Potassium Sulphide Dip | _. 1 pound to 5 gallons 
Nov. 7 | Nov. 12 I ° Arsenite of Soda _______. .--- 1 ounce to 1 gallon 
Nov. 13 | Nov. 19 2 ° Arsenite of Soda ._..___. | .___1 ounce to4 gallons 
Nov. 27 | Dec, 11 I 19 Quibell’s Dry Dip_.____. According to direct’ns 
Nov. 27 | Dec. 9 Co) 5 Quibell’s Dry Dip ______- According to direct’ns 
Minimum Temperatures 
*Nov. 19 | Dec. 30 2 I Ot of Doorsiaes ee 
Nov. 27 | Dec. 14 ° 6 OutiokDoors. ee ees 
Nov. 23 | Dec. 9 Co) 6 Out of Doors. ==0) 2 
Nov. 19 | Dec. 24 ° 5 Out-of Doors: -<----3-2.. 
Nov. 30 | Dec, 11 fo) I Outof Doots — ea 
Feb. 6] Mar. 13 ° 2 Outiof Doorsis 2 se! 
Feb. Feb. 24 5 8 Oukiof Doors) ee 
Feb. Mar. 13 ° al Ouvof Doers erase 
Feb. 9 | Mar. 7 ° 2 Out of Doors ____.. 2 
Feb. 11] Feb. 24 ° 4 Out of Doors ___- r 
Feb. 20 | Feb. 27 ) 25 Out of Doors 


An examination of the preceding table will show that the 
eggs are nearly, if not quite as easily killed, as the mites. It 
is possible that the eggs are more protected by the scabs than 
the mites, but in all the above experiments mites and eggs were 
treated alike on the wool and seem to have been killed about 


equally well. 


Tt seems strange that in the use of Black Leaf all of the 
eggs should have hatched that were taken from a sheep twenty- 


four hours after dipping, and nearly all should have been killed 
that were treated in the laboratory. 


*This lot was kept on an outer window sill. 
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The tar dips all did splendidly in destroying eggs. Zeno- 
leum was most used. In dilutions of one to 100 and one to 200 
it killed all. When diluted 400 times, only two hatched out of 
fifty-seven. In the proportion of one to 800, all hatched. 

Out of a total of sixty-eight eggs treated with Quibell’s 
Liquid Dip, only three hatched. Smaller numbers were dipped 
in Chloro-Naptholeum and Sulpho-Napthol and none hatched. 

Liffects of Exposure on Hatching the Eggs—The effects of ex- 
posure on the hatching of the eggs may be summarized as fol- 
lows: 

Four eggs were out five days with the minimum tempera- 
tures ranging between 11.8 degrees and 24.8 degrees. None 
hatched. 

Thirteen eggs were out three days when the minimum tem- 
peratures ranged between 11.8 degrees and 24.5 degrees. Five 
hatched. 

Twenty-five eggs were out fourteen days, when the minimum 
temperature ranged between .1 degree and 34 degrees. None 
hatched. 

Six eggs were out twenty-one days when the minimum tem- 
peratures ranged between 12 degrees and 37 degrees. None 
hatched. 

Two eggs were out thirty-two days when the minimum tem- 
peratures ranged between —5 degrees and 34 degrees. None 
hatched. 

Seven eggs were out thirty-five days when the minimum 
temperatures ranged between —5 degrees and 34 degrees. None 
hatched. : 

Six eggs were out one night when the temperature went 
down to —9.8 degrees. None hatched. 

One egg out one night when the temperature went down 
to 15 degrees. Did not hatch. 

Five eggs were out eight nights when the temperature went 
to a minimum of —11.8 degrees. None hatched. 

Three eggs were out a few nights (dates lost) when the 
temperature went to a minimum of 8.3 degrees. Two hatched. 

Four eggs were out a few nights (dates lost) when the min- 
imum temperature went down to —5.3 degrees. None hatched. 

Do not understand that any of the eggs hatched while ex- 
posed to the cold. As soon as brought in the eggs were carried 
in a warm pocket, as before described. 

These experiments show that the eggs may be subjected to 
a temperature of 8.8 degrees and still hatch. Those subjected 
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to a temperature of 5 degrees or lower did not hatch in any case. 
It seems probable that the eggs will not bear a temperature as 
low as 0 and live. 

Whether or not exposure will kill one of these eggs prob- 
ably depends upon, at least, three things, viz., the degree of 
cold, the duration of the exposure and the stage of incubation. 
of the egg when exposed. 

Period of Incubation—When carried in the pocket, the long- 
est time that eggs have lived and hatched after being removed 
from a sheep has been nine days. One egg known to have been 
laid November 3, was kept in a warm pocket and the mite 
emerged on November 8. Time of incubation evidently depends 
much on temperature. In their natural position on the skin of 
the sheep and protected from the cold by a heavy coat of wool, 
it is probable that the eggs hatch in from three to five days. 

Where the Eggs are .Placed—The eggs of these mites are not 
glued to the fibers of the wool, neither are they inserted beneath 
the surface of the skin, but are placed directly upon the moist 
skin or upon light scab. 


EFFECT OF EXPOSURE ON THE MITES. 


It is also a matter of much importance to know how long 
the mites can live off the sheep. How soon after scabby sheep 
have been turned out of a corral or field will it be safe to put 
healthy sheep in them without danger of their becoming dis- 
eased? The following experiments bear upon this point, but it 
must be remembered that I have been able to study the condi- 
tions during cold weather only. 


EXPERIMENTS IN WHICH THE MITES WERE KEPT WARM. 


In these experiments the mites were placed on wool in small 
vials and carried in an inside pocket during the day and were 
kept at a temperature of about 60 degrees during the night. 

Lot 1—Fourteen mites of different ages, taken November 3. 

November 4, all seemed active; November 5, five were ac- 
tive and nine quiet; November 6, only two were active; No- 
vember 7, there were no signs of life. 

Lot 2—Thirty-six mites of all ages, taken October 31. 


November 2, eighteen seemed dead and eighteen were active: 
not examined again. 


Lot 8—F¥ifteen mites taken November 5. 
November 6, seven appeared dead and eight alive; Novem- 


ber 7, only two showed any signs of life. 


Lot 4—Seventeen mites taken November 6. 
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November 7, two seemed dead and the remainder alive; No- 
vember 9, a few were still active, no count made; November 11, 
all were dead. 

Lot 5—Eighteen mites taken November 12. 

November 18, only fourteen were active; November 14, CE 
four were active; not examined again. 

Lot a females taken November 13. 

November 19, all were dead and no eggs had been laid. 

Lot 7—A large number (not counted) of mites taken Novem- 
ber 19. 

November 27, one very sluggish mite was all that showed 
any signs of life; November 28, all were dead. 

Lot 8—A large number of mites taken November 27. 

Not examined till December 2, when all were dead. 

The longest time that a mite lived in any of the above ex- 
periments was eight days. As a rule, all were dead at the end 
of five days. 

EXPERIMENTS IN WHICH MITES WERE KEPT OUT OF DOORS. 

In these experiments, mites were exposed for a greater or 
less time on wool, in vials, out of doors, then they were brought 
in and warmed to see if they would become active. If the mites 
were still alive they always became active in a very few min- 
utes when the vials were warmed in the hand or with the 
breath. 

Lot 1—A quantity of mites taken and put out November 3. 

November 5 and 6, all seemed lively on warming; on the 
6th, 7th and 8th, a few of the mites failed to revive, but no 
counts were made; on the 9th, only four seemed alive; on the 
10th, only three, and on the 12th, two; on the 14th, two, and on 
the 17th, none. So that two mites in this case lived at least 
eleven days. Minimum temperature during the time was 13 
degrees. 

Lot 2—A good number of mites put out along with the 
preceding. 

Examined for first time November 23, when all the mites 
became active on being warmed. Minimum temperature during 
the time, 13 degrees. 

Lot 8—A. quantity of mites put out November 19. 

Examined for the first time November 28, when all were 
found to be dead. Minimum temperature while out, —11.3 de- 
grees. 

Lot 4—A large number of mites put out November 27. 

Examined November 28, when all were dead. Minimum tem- 


perature during the night, —9.8 degrees. 
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Lot 5—Like the preceding, except that they were kept on an 
outer window sill where, according to tests made later, the 
temperature was probably about 7 degrees higher than upon 
the ground, or —2.8 degrees. 

November 28, all the mites were dead. 

Lot 6—Ten mites put out January 29. 

February 1, on warming the mites, six, none of which were 
adults, became active; four, all adults, did not revive. Those that 
did revive seemed very sluggish. The minimum temperatures 
for the three nights were 10.7 degrees, 7.8 degrees and 8 degrees 
respectively. 

Lot 7—A number of mites put out November 23. 

When first examined, January 3, all were dead. Minimum 
temperature during this time, 11.3 degrees. 

Lot 8—Mites put out November 30. 

Examined January 3, when all were dead. Minimum tem- 
perature for this time, 5 degrees. 

Lot J—Mites put out February 6.° 

Examined February 9, when all became active on warming. 
They were kept in but a few minutes and then put back. The 
minimum temperature to which these mites was subjected was 
11.8 degrees. 

Examined again March 9, when all were dead. Minimum 
temperature during this time, 5.3 degrees. 

Lots 10 and 11—Put out February 6 and February 9, re- 
spectively. 

Both lots were examined for the first time March 24, when 
all the mites were found dead. The minimum temperature dur- 
ing the exposure was 5.3 degrees. 

Lot 12—Put out February 23. 

Taken in and warmed February 24, when all became active. 
The lowest temperature during the night, 5 degrees. 

Lot 13—Mites put out February 6. 

First examined March 9, when all were found to be dead. 
Minimum temperature during this time, — 5.3 degrees. 

The conclusions that may be drawn from the foregoing ex- 
periments are the following: 

First—That the mites can not endure a temperature much 
below zero and survive, even for a single day. 

Second—That the mites can endure a temperature of 5 de- 
grees and live. 

Third—That the immature mites can endure as low, if not a 
lower, temperature than the adults. 
temperature low enoughto key shen gaa 

ceep them Jorn oil than in ee warm 


’ SHEEP SCAB. 29 


temperature that will keep them active, provided the temperature 
is not low enough to kill them and that they are not supplied 
with food. 

Fifth—That they will live longer in a moderately low tem- 
perature if the temperature is kept steadily below that point 
which will make them active. In other words, a steady low 
temperature is not as destructive to them as alternating low and 
high temperatures. 

The longest that mites were kept alive with above experi- 
ments was twenty days. 

The results with the preceding experiments, both with eggs 
and mites exposed to out-door temperatures, make it almost cer- 
tain that the infection can not be carried over winter off the sheep, 
and it also makes it highly improbable that the mites or their 
eggs will live for more than a very few weeks at any time of the 
year unless upon sheep or some other animal that can serve 
as food. 

DOUS DIPPING GIVE THE SHHEP A “SET-BACK?” 

Sheep feeders are quite unanimous in the opinion that dip- 
ping gives the sheep a set-back. Some think it will take one, 
others that it will take two or three weeks of feeding to get the 
sheep back to the weight at the time of dipping. The following 
weights were made for the purpose of determining the loss oc- 
casioned by dipping in these experiments: 


Table Showing Loss of Weight Caused by Dipping. 


+Dates of Weighing 


Lot Dips Used 
Nov. | Nov. | Nov. | Nov. | Nov. | Dec. |‘Dec. | Dec. | Dec. 
17 20 23 25 27 3 5 8 22 


I 51 50 50 52 50 55 53 56 59 | Zenoleum, Nov. 18th. 
Zenoleum, Nov. 18th and Dec. 
2 Bell Bl | Bie Eee Hebi ae he a eGse d| uestsy Ih Gi) iat 
Zenoleum, Nov. 18th and Dec. 
3 52 49 50 53 50 52 48 56 58 1st. 
| Potassium Sulphide, Nov. 18th 
A ee S Seale Sian eS3e || e518 tl 54. |eSCm ao7ee | 259 Aeagl (Ye, cere 

| Ft. Collins Lime and Su. Dip, 
5 43 44 47 | 48 46 s! st 53 34 Nov. 18th and Dec. ist. 

| Chloro-Naptholeum, Nov. 18th 
6 43 43 47 47 47 48 49 50 53 only. 
Cooper Dip, Nov. 18th and 
Az! AZ |o46m\ 45) 14399) 46 Fi 47 ee 48150 Dec. ist. 

| Black Leaf, Nov. 18th and Dec. 
8 44 45 47 46 44 48 50 50 52 et 
Black Leaf, Nov. 18th and Dec. 
9 44 45 48 47 44 47 49 49 52 ee 
Black Leaf, Nov. 18th and Dec. 
10 43 44 47 46 44 46 49 49 5I ee 


II AeA T RESO (nA. |r 47 asl) OE 51 52 | 53 | Not dipped. 


#These weights were made by F. L. Watrous, of the Agricultural Department. 
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In the above table, lots 1 and 6 were dipped once, lot 11 
was not dipped at all, and all others were dipped twice. 

Each lot contained about forty sheep, except lot 11, which 
had but twenty. 

Lots 1, 2, 3, 4 and 11 were all treated alike in feed, and are 
suitable for comparison. Lot 5, unlike any of the others, was 
fed on ensilage. Lots 6 to 10 were all fed grain, but differently, 
so that they are not suitable for comparison to determine loss 
from dipping. Lots 5 to 10 are included in the table only for 
the purpose of showing whether or not the dips seemed to have 
any particular injurious or beneficial effects. 

The mid-day temperature for November 18, the first date 
of dipping, was 33 degrees, and the minimum temperatures for 
the three nights following were 8&8 degrees, 8.3 degrees and 
13.7 degrees respectively. 


COMPARISON OF LOTS ONE TO FOUR WITH LOT HLEVEN. 

On November 20 the dipped lots averaged just two pounds 
per sheep less than on the day before dipping, while the check 
lot in pen 11 just held their own. 

On November 23 the dipped lots averaged one and one-half 
pounds per sheep less than before dipping, while the check lot 
had made a gain of two pounds per sheep. 

On November 25 the dipped sheep had gained three-quarters 
of a pound each to a gain of two pounds each in lot 11. 

On November 27, the last weighing before the second dipping, 
the dipped sheep averaged three-quarters of a pound less than 
on the day before dipping, while the undipped lot showed neither 
gain nor loss.* 

This would indicate a loss of three-quarters of a pound per 


sheep as a result of dipping and as indicated by weighing nine 
days after. 


COMPARISON OF LOTS TWO, THREE AND FOUR WITH LOT ONE. 

These four lots were as near alike in every respect as they 
could be made, including numbers. Lots 2, 3 and 4 were dipped 
December 1. The mid-day temperature was 38.5 degrees in the 
shade, and the minimum temperatures for the three nights fol- 
lowing were 13.6 degrees, 28.7 degrees and 28 degrees. 

On December 8 the dipped lots showed an average gain per 
sheep, since the last weighing, of three pounds, while lot 1 
showed a gain of five pounds per sheep. This would indicate a 
set-back of two pounds per head as the result of dipping. 


*The sudde stuations j i 
e sudden fluctuations in weights were due to sudden changes in tem- 


perature : . 
perature. On the night of November 25 the temperature went down to 20.3 


degrees, and on the night of November 26 it went to 11.8 degrees 


SHEEP SCAB. 31 


I will omit the weighings of December 5, because of the un- 
accountable falling-off in lot 8, probably due to an error in 
weighing. 

On December 8 the dipped lots had made an average gain of 
five and one-third pounds to an average gain of six pounds in 
the check lot. 

On December 22 we find an average gain of seven and two- 
thirds pounds in the dipped lot against a gain of nine pounds by 
the checks, indicating a set-back of one and one-third pounds in 
consequence of the dipping. 

It is a question concerning which there might be a difference 
of opinion as to whether the real set-back is better indicated 
within a very few days after the dipping, or after two or three 
weeks. It is my opinion that it is best indicated in a very few 
days. However we may think in regard to this, the weights 
given above show two-thirds of a pound as the least set-back 
and three and one-half pounds as the largest set-back. If the 
least loss indicated were the real loss, it would indicate a tax of 
about three cents per head for dipping at the temperatures above 
indicated. If the sheep are worth four cents, live weight, the 
heaviest loss, three and one-half pounds per sheep, would mean a 
loss of fourteen cents for each sheep dipped. 

The amount of loss will, of course, depend largely upon the 
degree of cold, the distance the sheep are driven, and the manner 
in which they are handled, but I am fully convinced from the 
above experiments that when the temperature is approximately 
what it was in the above experiments, the loss of weight from 
dipping will cost the owner of the sheep fully five cents per head, 
and this must be added to the expense of dipping to get at the 
total cost. It is therefore very important that the most effectual 
dips be used, even though they may cost more, and the dipping 
should be done at such time and in such manner as to do the 
least possible injury to the sheep. This applies more particularly, 
of course, to sheep or lambs that are being fed for the market. 


DO DIFFERENT DIPS HAVE DIFFERENT EFFECTS? 


Patent dips are often recommended as having some tonic 
or other beneficial effect upon the sheep, aside from killing scab, 
which will more than pay for its use, while such dips as lime and 
sulphur are sure to have some bad effect. A study of the above 
table does not indicate anything of that kind. It will be noticed 
that the bunch dipped with lime and sulphur made the largest 
gain of any. To be sure, this bunch was fed upon ensilage, 
while the others had dry food, but the rapid gain argues strongly 
against any specially bad effect of this dip. 
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The next best gain, ten pounds, was in lot 6, but these were 
only dipped once. The others that were fed grain, lots 7 to 10, 
were dipped twice and made a gain of eight pounds each. 


GENERAL DIRECTIONS FOR PREVENTING AND CURING SCAB. 


A little prevention will often save many dollars of expense 
and much trouble in dealing with this disease. 

If one has sheep that are free from scab, he should not 
allow sheep that may have the disease to be put with them. 
Suspicious sheep should be kept in a yard by themselves until 
it is quite certain that they are free from the infection. 

Persons who are purchasing lambs or sheep from a locality 
where scab is known to be present should not put them at once 
into the yards where they are to be fed for the market. They 
should, if possible, be kept out of these yards until dipped, 
at least once, and it would be better if they could be dipped 
twice. The experiments to determine how long the mites may 
live off the sheep prove that they may live at least twenty 
days. There is no certainty then of eradicating the disease with 
the best dip, even in two dippings, fourteen days apart if the 
sheep are put back in the old yards. A single surviving female 
would be sufficient, if she could find her way back on the 
sheep, to start the disease afresh. 

Where sheep are kept the year around it will be much 
cheaper to dip soon after shearing when the wool is short, as 
it will take less material. 

If lime and sulphur, or potash and sulphur are used, boil 
thoroughly before using in order to get a more perfect com- 
bination of the ingredients. Also, do not use more than one 
pound of lime to three or four pounds of sulphur, as it is the 
excess of lime that does the injury to the wool. 

Do not get the idea that the disease may be spontaneous 
under any possible conditions, for it is not. As well think of 
horses or jack rabbits coming into existence without parents. 
Every sheep that contracts scab does so by getting the mites 
or their eggs directly or indirectly from other animals. 

I wish to acknowledge the assistance received from the 
farm department in carrying on these experiments. 

Prof. Cooke has taken much interest in the work, has helped 
with good suggestions, and by putting at my disposal the dip- 
ping vat belonging to the farm department and such of the 
farm help as was needed in carrying on the work. 


A FEW INSECT ENEMIES OF THE ORCHARD. 


Clarence P, Gillette, M. S. 


SCALE LICE. 


Colorado fruit growers may well congratulate themselves 
that no serious outbreak of scale insects has ever occurred in 
the orchards of the state, and also, that the San Jose scale 
has not yet been found in Colorado. But, while congratulating 
ourselves thus, we must not fail to take care of the few species 
of scale lice that are known to be present in limited localities 
and to take every precaution against introducing others from 
abroad. 


HABITS AND APPHARANCE OF SCALBH LICH IN GENERAL. 


Scale lice are so called because they secrete over them- 
selves, for protection, a thin, horny covering or scale. If one 
examines these scales in the fall or winter he usually finds them 
filled with minute eggs. These eggs hatch early in the spring, 
and the minute, wingless lice that come from them crawl about 
over the tree for a few days and then insert their beaks into 
the bark, fruit or leaves and begin to draw the sap and to 
grow. Once located, the lice of most species never move again. 
The scale soon begins to form for protection and increases in 
size with the growth of the louse underneath. 

These scales usually imitate the bark of the tree very closely 
in color, so that they are often unnoticed until the tree is nearly 
or quite dead. A close observer will notice, however, that the 
bark of the tree appears rough and scaly, and that the tree lacks 


vigor. 
HOW THE LICE ARH SPREAD. 


It may seem strange that so minute a creature without 
wings, and one that is able to run only for a few days, can dis- 
tribute itself so rapidly and be so difficult to exterminate. 
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These insects are scattered for the most part by being car- 
ried upon nursery stock or grafts, or even upon fruit, from place 
to place. They are also carried by winds and are undoubtedly 
carried long distances in many cases upon the feet of birds. 


A FEW SCALE LICE FOUND OR REPORTED IN 
COLORADO. 
THE SAN JOSE SCALE (Aspidiotus perniciosus). 


This, the most destructive of all the scale lice that infest 
deciduous fruit trees, has been reported on a few occasions in 
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Figure II.—Piece of bark covered with San Jose scale, greatly 


magnified. (From United States Department of Agriculture, Di- 
vision of Entomology, copied.) ; 


Colorado, but I wish to assure the readers of this article that 
none of these reports have been corroborated. The recent re- 
ports of this scale in Mesa county were all a mistake, the scale 
in question being Putnam’s scale, which is mentioned below. 
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After determining this to be Putnam’s scale, I sent samples 
to Prof. Cockerell, of New Mexico, and to Dr. Howard, of the 
department of agriculture, at Washington, and both assured me 
that my determination was correct and that the species in ques- 
tion could not be San Jose scale. 

This scale has been reported in no less than twenty states 
and territories, and is scattered from the Atlantic to the Pacific. 
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Figure [lI.—a, Pear infested with San Jose scales, natural 
size; b, a single scale greatly enlarged, showing the rust-colored 
spot at the center. (Irom the United States Department of 
Agriculture, Division of Wntomology, copied.) 


Our nearest neighbors reported as having it are New Mexico, 
Arizona, Idaho, Indiana and California. 

The scales attack all parts of the tree above ground—bark, 
leaf and fruit. They are seldom over one-twenty-fifth of an inch 
in diameter, but may attain twice this size where there are only 
scattering individuals. Figure IT. shows the appearance of 
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scales and young lice upon bark greatly magnified, and figure 
IIT. shows the scales on a pear, where they are represented of 
natural size. 


PUTNAM'S SCALE (Aspidiotus ancylus). 


This scale resembles the preceding very closely, but can 
usually be told from it by its darker color and the brighter or 
deeper rust-colored spots on the center of the scales. These two 
scales can only be distinguished with certainty by the use of 


Le 


Figure I[V.—a, Immature San Jose scale louse removed from 
the scale and greatly enlarged; b, its antenna, or feeler, still 
more enlarged; ec, gravid female, showing young within her body; 
d, outline of the anal plate, greatly enlarged. (Copied from bul- 


letin of United States Department of Agriculture, Division of 
Entomology.) 


a compound microscope in the hands of a specialist. It is im- 
portant, therefore, if either of these scales are suspected, that 
samples be forwarded at once to the experiment station for de- 
termination. So far as I can learn, Putnam’s scale has never 
been a very serious pest in any part of the United States, but 
there is always a possibility that an insect that has formerly 
attracted little attention. may suddenly become very abundant 
and injurious when introduced into a new locality. This has 
been known to be present in a few places in Colorado for sey- 
eral years. I know of one small plum orchard in Cafion City 
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where this scale is very abundant and is probably the cause 
of several trees dying. Mr. Oyler, of Grand Junction, has sent 
me twigs from pear and plum trees in Mesa county containing 
this scale in large numbers. He reports the scale to be scat- 
tered over a large territory and in many orchards, but seemingly 
doing but little harm, except to a single plum tree. Prof. 
Cockerell, of New Mexico, tells me that this scale is found in 
that state on oak, box-elder and cottonwood, as well as on 
various fruit trees. It probably occurs in many orchards in this 
state where it is not suspected at present. 


HOWARD’S SCALE (Aspidiotus howardi). 


This scale is a comparatively new species and was first dis- 
covered by the writer upon native plum trees at Cafion City, 
Colo. The scales infest both the tender bark of the twigs and 
the fruit. The scales are of about the same size as those of the 
two preceding species, but they are almost white in color and 
lack almost wholly the reddish center. This species seems to 
have decreased rather than increased since it was first discovered. 
If it occurs in any abundance it will probably be found con- 
spicuous on the fruit of plum trees. 


A SCALE UPON PHACH TREES (Lecanium persicae). 


I have just recently received from Mr. A. F. Reeves, of 
Montrose, Colo., peach twigs from his locality infested with a 
large rust-colored scale about three-sixteenths of an inch long 
by about one-eighth of an inch broad. The scales are prominent 
and stand out like little galls on the bark. The scales were very 
abundant on the twigs sent, and, when received, March 28, the 
young lice had hatched and were thickly scattered over the twigs. 
From their size, it seems probable that they hatched last fall. 
Mr. Reeves reports the scales on about forty trees, so far as he 
can determine. As the young of this species appear all within 
a short time, it is probable that this scale can be easily kept in 
check by the use of a strong kerosene emulsion, or a strong 
solution of fish-oil soap soon after hatching. It will be compara- 
tively easy to treat them while the foliage is off the trees. 

Whale-oil or fish-oil soap, lime, sulphur and salt washes, 
resin washes and kerosene emulsion are the most common reme- 
dies used against the scale insects. 


THE BROWN OR CLOVER MITH (Bryobia pratensis). 


This is one of the worst pests on fruit trees, especially pear, 
apple, plum and cherry, in the mountainous districts of Colorado, 
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Its presence in the summer time is best noticed by the pale, 
sickly appearance of the foliage of the trees, by the whitish, 
scurvy appearance on the under side of the limbs and about the 
small crotches of the trees, and by the minute spider-like objects, 
of a dark color running about-upon the bark. On examination, 
it will be seen that the scurvy appearance of the limbs is due to 
the cast skins and empty egg shells of the mites. 

Although the injury to the trees is chiefly manifested in the 
bleached foliage, the mites will seldom be found on the leaves. 


REMEDIES. 


The following are the results of experiments for the destruc- 
tion of both eggs and mites that were conducted by myself one 
year ago. During the fall, the mites deposit enormous numbers 
of reddish eggs upon the limbs of the trees, chiefly about the 
crotches. The eggs are massed together, and are plainly seen 
as reddish or rusty patches upon the bark: ~ 

A number of small limbs of a pear tree that were almost 
covered with eggs were procured from Cafion City and set out in 
moist earth for the experiments. Some of these I took while in 
Cafion City, and others were sent me by Judge W. B. Felton: 

Whale-Oil Soap, in the proportions of one pound to a gallon 
of water, and in one-half and one-fourth this strength, killed per- 
fectly all the eggs that were treated with it, but in the propor- 
tion of one pound to eight gallons it did little good. The newly 
hatched mites were killed by whale-oil soap in all strengths 
down to one pound to eight gallons. 

Kerosene Emulsion, used without diluting (in which the kero- 
sene was two-thirds of the mixture) and diluted with water to 
one-half and one-fourth this strength, killed perfectly in every 
case. When diluted so that the kerosene was one-sixteenth of 
the mixture (or one-half of the last named strength) a very few 
of the mites hatched. This last strength did kill, perfectly, mites 
in all stages when thoroughly treated with it. 

Leggett’s Potash Lye, in the proportion of one pound to one 
gallon of water, did very little good in preventing the hatching 
of the eggs. As near as I could estimate, it killed one-third of 
the eggs. 

Tobacco Decoction, made by steeping one pound of tobacco 
in three gallons of water, had no perceptible effect upon the eggs, 
all hatching perfectly. 

Sulphur Spray, prepared by combining three pounds of sul- 
phur and two pounds of caustie soda and diluting to 200 gal- 
lons in water, was also used against the eggs, but without effect. 
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The whale-oil soap and the kerosene emulsion, being entirely 
efficient, one or the other should be used against this pest. As 
it is much easier and cheaper to make the application during 
the winter season, while the foliage is off the trees, this is the 
season that should be chosen to destroy the brown mites. 


THH CODLING MOTH, OR APPLE WORM (Carpocapsa pomonella). 


This pest causes heavier annual loss to the apple crop 
than any other insect. It is found in nearly every part of the 
world where apples are grown. In the orchards of Delta county, 
Colorado, it was for a number of years unknown. It is now pres- 
ent in all the orchard regions of the state, unless it be in some 
very limited and isolated places. It is not a pest that we can 
hope to exterminate, and orchardists can not afford to let it go 
unchecked. 

Life Habits of the Insect-—-There are two, and perhaps a par- 
tial third, brood of this insect in Colorado each year. The moths 
of the first brood begin to appear early in the spring, and are 
ready to deposit their eggs in the blossom ends of the small 
apples as soon as the blossoms fall. The moths do not all ap- 
pear at once, so that the eggs of the first brood are distributed 
through several weeks. If the weather is warm, the eggs will 
hatch in about four or five days, and the young larvz will begin 
to eat in the blossom end of the apple and.to burrow their way 
to the core, about which they feed until mature. When mature, 
the larve or worms eat a large hole to the outside, and escape 
to go in search of a suitable place to spin a silken cocoon and 
change to a chrysalis, and, a little later, to come forth as moths. 
This second brood of moths begins to appear about the first week 
in July, and in a few days, like the first brood, fly to apples 
or other suitable fruit to deposit their eggs. This time the eggs 
are often laid in the stem end of the apple or upon any rough 
spot where they will readily adhere. The habits of this brood 
are like those of the first. The later individuals do not leave the 
apples until they have been barreled or put in winter quarters. 
The winter is spent in the worm state in some protected spot, 
as between barrel staves, under barrel hoops, under scales of bark 
on apple trees, etc. Early in the spring these worms change to 
chrysalids, and a little later appear as moths. 


REMEDIES. 


On account of the habit of the larva in feeding for a little 
time in the blossom of the apple before burrowing to the core, 
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it has been found that a thorough spraying with London purple 
or Paris green at the correct time will destroy about 70 per cent. of 
them. 

The proper time for spraying is immediately after the blos- 
soms fall and never before. To spray before the blossoms fall 
is not only waste of time and material, but will also be liable to 
poison honey bees that visit the flowers for honey and pollen. 
If the spraying is much delayed, many of the worms will have al- 
ready eaten their way into the fruit and be out of the reach of the 
poison. A second application should be made in a week or ten 
days after the first. If heavy rains fall, it is well to make the 
second application as soon as possible afterward. Should there 
be much rain-fall following the first or second treatment within 
a few days, it would pay to make a third treatment, but otherwise 
not. Care should be taken to throw the spray so that it will 
strike the blossom ends of the apples, and the treatment should 
be thorough. It is best to stop as soon as the leaves begin to 
drip. 

In the eastern states, it is usually recommended to make the 
application in the proportion of one pound of poison to 200 gal- 
lons of water. In the dry atmosphere of Colorado I have found 
it very safe to apply in the proportion of one pound to 160 gal- 
lons the first time. The weaker mixture will do for the second 
or third applications. 


A great many worms may be caught and destroyed by tying 
bandages of burlap or other cheap cloth about the trunks of the 
trees, and removing these once in a week or ten days to kill the 
worms that collect beneath them. This work should begin about 
the last week in June, and be continued until fall. 


Where apples are kept in cellars, the windows and doors 
should have screens to prevent the escape of the moths that 
hatch in the cellars. Care should be taken not to take fruit bar- 
rels or boxes from storehouses or fruit dealers to the farm unless 
they have been thoroughly disinfected, as they often contain the 
larvee of the codling moth in great numbers. 
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A STUDY OF ALFALFA AND SOME 
OTHER HAYS, 


as Wn. P. HEADDEN, A.M., Px.D. 


The following pages are not intended as a continuation 
of Bulletin No. 35, although in a certain sense they forma 
part of that study. The work done on Bulletin No. 35, was 
undertaken with the view of examining the changes fro- 
duced in the soil by continuous cropping to alfalfa, and, as 
published, claims to bea record of the work done on the 
plant—a study preliminary to that of the soil proper. We 
have been compelled, so far, to content ourselves with that 
work as published. There arose some questions in connec- 
tion with that study which could not be discussed at the 
time, because our observations had not been extended 
enough, and we could not draw upon the results of observa- 
tions still to be made. We shall, therefore, be compelled 
to connect portions of this bulletin rather closely with por- 
tions of Bulletin No. 35. The object of this bulletin, how- 
ever, is to present a study of hays, more especially, hays 
made from leguminous plants—alfalfa, clover, and pease— 
though we shall discuss other hays to some extent. 

We have attempted in this study to go beyond the 
routine methods of such investigations and to contribute to 
a better interpretation of the data obtained by the old meth- 
ods in terms of much narrower and more definitely studied 
groups whose chemical composition, at least, if not their 
feeding value, is either already better known or susceptible 
of determination. In regard to their feeding value, too, we 
gaina more rational basis for evaluation than has been pos- 
sible under our old methods and conventionalities. 
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There are many things in this bulletin which are only 
tentative, but they are the best results which we have ob- 
tained, and we give them as such without any apology ex- 
cept that we regret that our investigations have not been 
pushed so far as we have desired to push them. 

I have no doubt but that some intelligent critic, with 
strongly utilitarian proclivities, will ask what value such 
work may be to the farmer; and possibly add, to any one 
else? There may also be a goodly number, other than the 
farmers and critics, who have but little sympathy with the 
class of effort recorded in these pages. I am aware that 
cattle will feed upon hay just asin the past and that the 
feeders will probably pay little heed to questions of compo- 
sition as given in the fuller analyses; possibly but little more 
than the average man does to the same questions expressed 
in the terms of the analyses now in vogue. In spite of this, 
there is a satisfaction in finding out, with some degree of 
definiteness, what we mean by the old terms, such as nitro- 
een-free extract, crude fiber, etc. These have been useful 
terms, very convenient ones, under which to include much 
that we did not know about a fodder. If this line of work 
has no other commendation, it is an attempt to find out how 
much we do not know, and to which we have made no pre- 
tense of knowledge, and also some of our misconceptions. 

In the closing paragraphs of Bulletin No. 35, I called 
attention to the variations in the composition of alfalfa hay 
grown in different localities, and the analyses given cover a 
period of about ten years—1886-1896. It would seem that 
the analyses recorded in this period ought to represent with 
a fair degree of accuracy the composition of the plant as 
grown in this country; but there is such a wide range in its 
composition that the suggestion is near at hand that the 
variation in composition is due to climatic conditions, and 
not to differences in the soils. We have extended our ob- 
servations to observe these effects, and not simply to in- 
crease the number of analyses of alfalfa, which seems to us 
altogether useless. 

_ It is true that there are variations in the climate of a lo- 
cality from year to year; still the climatic conditions of a 
given locality are, in the main, quite constant in their gen- 
eral character, and we reduce the climatic effects to this 
minimum by making observations upon the plant grown in 
the same locality, and, contrariwise, we gain information on 
this very point by taking our samples from the same plot of 
ground. 


Our samples of alfalfa hay showed, in comparison with 
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samples from other states, a great uniformity in composi- 
tion. The crude proteininthe first cutting hay had a range 
of less than two per cent.—-from 14 to 15.9 per cent. These 
samples represented hay made from alfalfa grown with and 
also without irrigation; also such as had been grown upon 
high land as well as that which had been grown upon low 
land. The crude fiber in these samples had a very much 
greater range in percentage—from 32 to 40 per cent.—than 
the crude proteids. This may have been partly due toa 
less degree of sharpness in the method of determination, 
but we judge it to be due to an actual difference in the sam- 
ples. These are narrow limits when compared with those 
shown by analyses representing different states, in which 
we have, for the crude protein, a range of 14.6 per cent.— 
from II.1 to 25.7 per cent.; and for the crude fiber, a range 
of 24.5 per cent., or from 15.4 to 39.97 per cent. 

In the second cutting again we find a narrow range, but 
wider than inthe first cutting. The extreme range for the 
crude protein is 5.6 per cent., and, excluding an exceptional 
sample with 18.47 per cent., this range becomes 3.5 per cent. 
The crude fiber for this cutting has a range of about 12 per 
cent.—from 26.16 to 38.08 per cent. 

The range for the proteids in the third cutting is 3.5 per 
cent., and for the crude fiber, 10 per cent. These samples 
were all of hay as put into the mow or stack. 

A study of the analyses published up to 1896, fails to 
furnish any general composition for this fodder, and we 
cannot discern any patent and adequate reason for this. In 
the New Jersey Experiment Station Report, for 1886, the 
lowest amount given for crude protein was 16 per cent., and 
the highest for crude fiber was 35 per cent.; as given in the 
Report for 1888, eight samples are recorded; the lowest of 
these in proteids has 15.24 per cent., and the highest in 
crude fiber has only 24.34 per cent. The same observations 
are true of the Texas samples, except that we find agreater 
difference between the highest and lowest in the case of 
both of these constituents; for the proteids, from 15.31 to 
25.75 per cent., and for the crude fiber, from 16.64 to 34.23 
per cent. If we take the published analyses of Colorado 
samples we shall find a like variation. 

Even the most unfriendly critic of the methods or the 
operators using them, cannot possibly explain these differ- 
ences by the weaknesses of either or both of these. In 
order to obtain light upon this point, we have studied the 
three cuttings of 1894, the first cutting of 1895, and the three 
cuttings of 1896. The methods employed in the analyses 
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and the operators during the period of these experiments 


were the same, so the results are comparable, and are free 


from divers personal equations. There is, it is evident, 
much even in these results which would be more satisfac- 
tory if more uniform; still they show that this fodder, as 
grown in this State, has a pretty uniform value. ‘The sea- . 
son of 1896 was not a very favorable one, and we judge that 
we have as great a variation, due to seasonal differences, as 
we have reason to expect. The samples for 1896 were all 
taken from the same piece of land with one exception, and 
this one differs so slightly from the others in composition 
that itis fortunate, rather than otherwise, that it was ob- 
tained from another locality. . 

Some of the samples of previous years were taken from 
nearly the same ground as those of 1896, so that they also 
have value indicative of how much alfalfa hay cut from the 
same land may vary in chemical qualities from year to year. 

Three samples of each cutting were taken, representing 
different stages of maturity, regard being had to their re- 
spective influences upon the quality of hay produced. 

The results of the analyses are as follows: 


Air Dried Hay. Thoroughly Dried Hay. 


| a q - 43 . { ¢ aes - 
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1 | Comingin bloom,|7.22} 9.81/1.15) 15.16) 36.49) 30.17] 2.426]| 10.57] 1.24) 16.47) 39.43) 32.29] 2.624 
1 | Inhalf bloom ....|7.92] 11.89 1.26] 14.46) 32.80) 31.67) 2.310]] 12.92] 1.36) 15.70) 35.62) 34.41) 2.508 


In full bioom....}6.38 10.57\1.81| 15,73] 34.91) 31.41] 2.516]] 11.29] 1.40] 16.80) 37.29] 33.23] 2.687 
Saye an 

Average..|7.17 10.76 1.24) 15.12|:34.73) 30.98) 2.417/| 11.44| 1.38] 16.32] 87.44] 33.81) 2.606 

Coming in bloom./4.43) 12.70)1.71) 17.68) 27.47) 36.01] 2.858]} 13.28] 1.78) 18.50) 28.75} 37.69] 2.990 


In half bloom..../9.48] 11,34/1.50] 17.14] 24.27) 36.27] 2.743]] 12.58] 1.65] 18.94] 26.811 40.08] 3.03: 
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In full bloom....)8.56) 9.91/1.78) 16.41] 27.11) 36.24) 2.625]] 10.84! 1.95] 17.94| 29.64) 39.64] 2.880 


/ Average ..|7.49 web 66| 17.08) 26.28 86 17) 2.742/] 12.22) 1.79] 18.46] 28.38] 39.13] 2.967 
CRktie aeeiee 12.24)1.72 16.53) 24.30) 36.57) 2.645]] 13.39) 1.88] 18.09} 26.59] 40.04) 2.994 
3 | In half bloom....{7.43) 
| 


11.07/1.52] 15.51) 30.55, 33.92) 2.482|] 11,96) 1.64 16.76) 33.00} 36.65) 2.681 
3 | In full bloom ....|8.36) 10.66)1.83] 15.59) 30.18 33.38) 2.495]| 11.63| 2.00] 17.01) 32.94) 36.42] 2.722 


| Average..|8.14 ae hed aks 15.88) 28.34) 34.62) 2.540]! 12.38/ 1.84] 17.29] 30.84] 37.70) 2.766 
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i The analyses of the first cutting agree with those of 
preceding years, but the series representing the second cut- 
ting 1s not concordant with previously obtained results. The 
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most, marked deviations are in the higher amounts of crude 
protein and in the lower percentages of crude fiber. The 
third cutting is. far more representative of the plants than 
the samples of the previous years, because this set of sam- 
ples of the third cutting is complete in itself. ~The samples, 
too, represent the whole plant, without’ loss of leaves and 
stems, cut'in the very best condition. The third cutting of 
1894, the only previous year in which samples of this cutting 
were analyzed, was represented by samples of hay as it was 
taken from the field. | 

There is, in the 1896 samples, a superiority in quality 
over the samples of 1894. This is most marked in the third 
cutting, but, as has just been stated, a portion of this differ- 
ence may be attributed to the fact that the samples were 
more nearly comparable to those of the other cuttings. The 
crude protein is higher for each of the three cuttings and 
the crude fiber is lower, while the nitrogen-free extract is 
slightly higher, though not so much so as one, at first glance, 
would think. 

The season of 1894 was favorable for the making of 
heavy crops. The first cutting was very heavy, the stems 
were exceptionally stout, and the growing period was long. 
These conditions were reversed in 1896, and I am inclined 
to attribute the differences observed almost wholly to this 
cause. The second crop of 1896 grew quickly and resem- 
bles in composition samples of the first cutting, cut on May 
5th, 1895, rather than the other second cutting samples. 
Both samples matured rapidly; they were both high in ash, 
high in crude protein, and low in crude fiber. The first cut- 
ting of 1895 (May sth), is even higher in protein than the 
second cutting of 1896, and quite as low in crude fiber. This 
seems to me to indicate that the rate of maturing which, of 
course, depends upon the seasonal influences, determines, 
very largely, the composition of the hay produced. It is 
quite evident that a quickly maturing crop will probably be 
less in quantity than a more slowly maturing one of the 
same kind. In 1894 we collected samples from a variety of 
soils to see whether any differences in the quality of the hay 
were to be attributed to this cause. The results are in fa- 
vor of an affirmative answer, but in no very marked degree. 
I speak of soils which have received no fertilizers. Itisa 
demonstrated fact that these have an effect upon the qual- 
ity of the hay, and I have elsewhere noted the susceptibility 
of the alfalfa plant to the direct application of manures. A 
fertilized soil, or one naturally rich, which, under ordinary 
conditions, is equivalent to a vigorous growth extended 
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over a longer period, tends to increase the percentages of 
ash, protein, and crude fiber. In the second cutting of 18096, 
the ash and protein are high, but the crude fiber is low and 
the crop was light. 


The conditions obtaining later in the season of 1896, 
were more nearly normal for our locality and the third cut- 
ting grew for a longer period, matured more slowly, and, 
while the proteids are high, we have an increase of about 
six per cent. in the crude fiber of the later sample. There 
is no such increase in the other series for this or for preced- 
ing years. While there is in general an increase in the per- 
centage of woody fiber, with the development of the plant, 
we have found it neither so great nor so regular as is shown 
in Bulletin No. 8, of this station, and also by others. We 
speak of the plant during the period in which it is fit for 
making hay. In this instance, however, we have a decided 
increase which, I believe, is fully accounted for by the ex- 
planation offered, i. e., the season conditions which deter- 
mine the rate at which the plant matures. If this view be 
correct, it follows that the same piece of ground will pro- 
duce hays of different qualities in different years even when 
we take hays of the same cutting, and the total of these 
seasonal influences is correctly indicated by the differences 
in the composition of the respective samples. This influ- 
ence seems to be large enough to determine the relative 
desirableness of the different cuttings which, under ordi- 
nary conditions, stand pretty close together. In speaking 
of the crop of 1894, we state that the first and second cuttings 
are about equal in value, so far as the proteids are con- 
cerned,and subsequently we call attention to the fact that, if 
we reject an entirely green sample because of its immatur- 
ity, the results are then in favor of the second cutting. The 
seasonal effects do not have to be very great to determine 


which of the cuttings shall have the more desirable compo- 
sition. 


The following table, presenting the averages for the re- 
spective cuttings for the years 1894, 1895, and 1896, will 
serve to make these differences plain and show that fora 


given district there is a comparative constancy in the com- 
position of this fodder. 


hese averages, to which is appended averages for the 
usual three cuttings, taken from Bulletin No. 48 of the Utah 
Agricultural Experiment Station, which I have recalculated 
fo acommon water content of 7.5 per cent., instead of 12 per 
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cent., to facilitate their comparison with our Colorado sam- 
ples, are as follows: 
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1 | 1894 Laboratory samples........ ..... 9 | 6.21 10.08 | 1.55 | 14.85 | 386.28 31.08 
1 | 1894 Farm department................ 7.59 | 11,19 |*8.59 | 14.92 | 28.10] 34.61 
1 | 1895 Laboratory samples ............. 4 | 6.49} 10.61 | 1.50 | 15.13 | 84.03 | 32.24 
1 | 1896 Laboratory samples.............. Sr lavakdn |e ONG: |) dod i do.te ||) 84. 78st 090.00; 
TSI) is CELT «ster aiesa aie'n «ahs oip 9) oekio sta sco 8 | 7.50 9.78 | 2.59 | 14.29 | 28.41] 37.43 
AV ORHZO Sos. «tie sialstelsinre itera tore 22 6.99 10.47 | 1.80 14.86 32.31 33.57 
2 | 1894 Laboratory samples ............. 5 | 5.94] 10.24 | 1.41 | 14.43 | 34.15 | 33.73 
2 | 1894 Farm department................ 3 | 8.05 | 10.48 | 1.58 | 13.99 | 31.97 | 33.98 
2 | 1896 Laboratory samples.............. 3.47.49 | 11.82 |] 1.66 | 17.08 | 26.28 | 35.25 
ZHIEISOG G2) FEU Lal 2 Je cha gacstee yaaa wiose « 3 | 7.50 8.78 | 2.18 | 15.23 | 81.18 | 35.28 
AVOLAZO! <2) 2) awe sie ce sn te a 14 | 7.24 10.21 | 1.68 15.18 30.90 34.79 
3 | 1894 Laboratory samples.............. 2 | 5.98 9.83'! 1.46 | 18-01 | 37.01 | 32.74 
3 | 1894 Farm department................ 3 | 5.63 | 10:07 | 1.43 | 13.47 | 33.70} $5.70 
3 | 1896 Laboratory samples.... ......... 3 | 8.14} 11.82} 1.69 | 15.88 | 28.384] 34.62 
3 1896(?)| LUG Ree soacee facie scanner onc 3 |-7.50 8.58 | 1.73 | 11.95 | 32.79} 37.45 
ANOVAS OU: icnicgeei even es 11 6.80 9.95 | 1.58 13.81 82.98 34.90 


* Not included in the average. 
Taken from Bulletin No. 48, Utah ws Sta., and recalculated to a basis of 7.5 per cent. 


moisture. 


We see from the preceding table that, for the first cut- 
ting, representing three years and four soils, the composi- 
tion is practically constant, the greatest variation being in 
the percentage of crude fiber. This difference, however, is 
no greater than may be found in different samples collected 
from the same field on the same date. The results for the 
second cuttings are not so uniform, and I think that we have 
here exhibited the maximum variation, which may reason- 
ably be attributed to differences in the seasons, amounting 
to three per cent. for the protein, and eight per cent. for 
the crude fiber. 

The averages for the third cuttings show the same irreg- 
ularities that are observed in the second cuttings. My sam- 
ples for the season for 1896 are consonant with the general 
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results in showing the second cutting to be, in point of com- | 
position, the preferable one. | While these samples are the 
farthest removed from the general averages, they differ 
from these less than samples of the same cutting in any 
year may differ from one another. | am convinced that the 
variation in the different cuttings from year to year is de- 
pendent mostly upon the seasons, and is in no case very 
large, very much smaller in fact, than I had supposed. 


CHANGES IN COMPOSITION OF OLD HAY. 


That fresh hay, i. e., hay which has been in the mow or 
stack from one to nine months, is preferable to hay which 
has been there fora longer time, is generally conceded, 
whether there is any good ground for the general belief or 
not. The samples which we have used to study this ques- 
tion were prepared for analysis, put in glass bottles, and 
from one to two years allowed to elapse between the two 
determinations. These samples were stored in a dark cup- 
board in a dry room which was as close an imitation of the 
conditions prevailing in a mow as we could produce. The 
samples were air dried when put away, but they evidently 
changed in the amount of moisture present, as it was found 
necessary to redetermine the moisture in all of the samples. 
I expected that the crude protein would be most susceptt- 
ble to changes, and therefore determined upon making a 
series of nitrogen determinations from which to judge of 
the amount of deterioration. We found that we were 
wholly wrong in our idea that the nitrogen would be the 
most sensitive measure of any changes, at least for the con- 
ditions under which our samples were preserved. It may 
be noticed here that every sample had increased in the 
amount of moisture contained;-only one remained un- 
changed and this was the only sample which showed a 
diminution in the amount of nitrogen present. The 
changes, with this one exception, were all in the same di- 
rection—to an increase in the percentage of nitrogen. We 
examined seventeen samples and found but one exception 
to this rule. The bottles containing these samples were 
stoppered and sealed with paraffin, so it would seem very 
improbable that the whole seventeen should fail to keep out 
the atmospheric moisture. We give the moisture determi- 
nations to show how marked this increase was and how 
general the rule, there being only one pronounced excep- 
tion to it. The first column contains the figures represent- 
ing the hay in 1894, and the second in 1896. 


1894, 
Per cent. 
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If this increase of moisture had not been accompanied 
by an increase in the percentage of nitrogen in the dry mat- 
ter, | would have attributed it, in spite of the fact that the 
bottles were sealed, to the absorption of moisture. 


NITROGEN IN PNEWTAND OLD HAY: 
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In the above table the percentages are calculated on 
the dry material. The two series, of course, represent the 
same samples. There-is no regularity in the amount of the 
increase in case of either the water or the nitrogen. 
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study is not sufficiently extended to justify fuller discussion, 
but a study of my notes indicates that the samples cut in 
early bloom have suffered the least change; also that the 
change is less in one year than intwo years. The last three 
samples were only one year old at the time the analyses 
were made. 

The increase in the percentage of water in the sample 
and the increased percentage of nitrogen in the dry matter 
seem to me to point toa transformation in the constituents 
included under the term nitrogen-free extract. It is cer- 
tainly beyond question that the nitrogen cannot be in- 
creased by absorption, and it is improbable that the material 
which we class as crude fiber will break down rapidly 
enough to account for the formation of so much water, in 
some instances four per cent., especially when we remember 
its ability to resist the action of dilute acids and alkalies. 

Our experiments indicate that there is no loss of the 
proteids, but that chemical changes take place to a con- 
siderable extent in some of the other constituents, probably 
in those complex and less stable compounds grouped under 
the head of nitrogen-free extract and frequently spoken of as 
carbohydrates. The apparent increase of nitrogen is easily 
accounted for by the elimination of water and probably of 


* other compounds also, as oxides or hydrides of carbon. 


We have in the above explanation of our facts, I think, 
a full and satisfactory explanation of such facts as have 
been observed relative to the saving of hay, for instance, by 
putting it ina mow, in which case the loss of weight is much 
less than when the hay is kept in the stack. Our applica- 
tion of the observed facts would be, that, other things be- 
ing equal, hay preserved in the stack is more freely exposed 
to influences which promote these changes in the less stable 
constituents of the hay; and the loss due to these changes 
becomes noticeable. 

_ Tunderstand that it is found almost impossible, in prac- 
tice, to feed out anywhere near the amount of hay for a ton 
put ina stack, that is usual to feed out when the same 
weight is put into a mow. It is evident that some hays may 
age very much faster than others, due to kind of hay—al- 
falfa, clover, timothy, etc-—also due to development at time 
of cutting, manner of storing, and other conditions. 

[here is, perhaps, a suggestion in the figures represent- 
ing the percentages of water found in 18096, that the sam- 
ples in 1894 did not really represent air dried hay and that 
in the course of the intervening year and a half, or more, 
they had really become such. This receives support from 


those samples prepared in 1896, which have about the same 
percentage of water. But this compels: us to assert that 
the sealing of the bottles was of no avail at all and: disre- 
gards the increase in the percentage of nitrogen in the dry 
matter, which seems to us fully established. The differ- 
ences cannot be attributed to the different methods of de- 
termination, nor yet to the operator, as the same person, 
my assistant, Mr. Ryan, made the two series of determina- 
tions by the same method and always in duplicate. 

While this subject may be more interesting to the in- 
vestigator in the domain of agricultural science than to 
the practical agriculturist, we regret having been unable to 
pursue it to no greater extent. 


ARTIFICIAL DIGESTION OF ALBRALEA HAY. 


It is not our purpose to discuss the relative merits of ar- 
tificial compared with animal digestion, but if we confine 
ourselves to the question of the pepsin digestion of the albu- 
minoids, it is certainly more agreeable, more satisfactory in 
that it can readily be applied to a much larger range of 
samples in a short time, and has the further advantage that 
the different samples can be subjected to the same conditions. 
The commercial pepsin preparations may vary in quality 
very greatly, but the pepsin can be tested before it is used 
quite as easily as any other chemical reagent. 

We undertook the investigation to discover whether 
there is any difference in the digestibility of the three cut- 
tings of alfalfa hay or in alfalfa hay of different ages. The 
samples employed in this work were new hay, one-year-old 
hay, and two-year-old hay. These terms, new hay, one-yéar- 
old hay, and two-year-old. hay, are to be understood in their 
ordinary sense, and not that a sample of alfalfa was made 
into hay and its digestibility determined forthwith, for such 
was not the case. The samples were taken in the years of 
1894, 1895, and 1896, and the determinations were made in 
the last year. 

THE METHOD. 

We followed the method in general use—digestion with 
a dilute hydric chlorid solution of pepsin. After an ex- 
tended series of experiments with coagulated egg albumen, 
we adopted the following method as giving the best results. 
We dissolved five grams of scale pepsin in one litre of two- 
tenths per cent. hydric chlorid and to five grams of alfalfa, 
ground as fine as possible, we added 150 cc. of the pepsin se- 
lution, and digested it for eight hours at forty degrees C., 
adding, during the eight hours, .7 grams of hydric chlorid. 
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After the digestion was: completed, the alfalfa remaining 
was-filtered off, washed free from chlorid, and the residual: 
nitrogen determined by Kjeldahl’s method. sey 

The period of eight hours was decided upon, because we 
found in experimenting with the egg albumen that we ob- 
tained a complete solution in this time and seldom ina 
shorter period, and if we allowed it to stand longer a precipi- 
tate began to form which was not very readily gotten into 
solution again. This method contains an error in that it 
shows any soluble amids which may not be assimilated by 
the animal as digestible. As the amount of amids is quite 
large in some of the samples, this may give rise to compara- 
tively large errors. This error is not wholly eliminated in 
the case of animal digestion. The amount of amids had 
been previously determined in the samples of 1894 and 1895. 
They amounted to 10.85 per cent., for the first cutting, 19.93 
per cent., for the second cutting, and 5.03 per cent. (one sam- 
ple ortly) forthe third cutting. |The amids were not deter- 
mined in the samples for 1896. The co-efficients of diges- 
tion obtained do not show any variation corresponding with 
the amids found. The sample of second cutting in half 
bloom shows a lower digestion co-efficient than the one fol- 
lowing it in full bloom, and still lower than the one preced- 
ing it in half bloom, and yet it contains amid nitrogen corre- 
sponding to 29.47 per cent. of its crude protein. The others 
contained much less nitrogen in this form, the amount cor- 
responding to 18.84 per cent.,and 17.82 per cent. of the crude 
protein in the respective samples. 

The co-efficients of digestion for the proteids in alfalfa, 
as determined by animal digestion, are as follows: 

In green alfalfa, 78-83 ; mean of six trials, 81. 

Carefully dried alfalfa, 70-83 ; mean of six trials, 80. 

Alfalfa hay, early bloom, best quality, 71-83 ; mean of 
twenty-six trials, 76. 

Alfalfa hay, full bloom, 66-73; mean of ten trials, 68. 

Alfalfa hay, carefully dried, 78; mean of two trials, 78. 

Alfalfa hay as given in Colorado Bulletin No. 8, 77. 

Alfalfa hay as given by N. Y. Exp. Sta., 60. 

Considering these seven averages, we observe that five 
of them fall between 76 and 81 per cent. 
_ The only statements that I recall to have seen concern- 
ing the relative efficiency of animal and pepsin digestion is 
to the effect that the pepsin is rather higher, usually dis- 
solving from 2 to 6 per cent. more of the crude protein than 
istaken up by the animal. If we take the average of the 
five most nearly agreeing means, given above, we obtain 78.4 


for the co-efficient of digestibility, for crude protein in al- 
falfa hay, or 75.6, if we include all the means given. It seems 
probable that the five closely agreeing ones are nearer to 
the truth than the two whose average is ten per cent. below 
the average of the five,and I take it that the 75.6 isa less 
representative co-efficient than the 78.4. © 

We record in the following table the results obtained 
by pepsin, or artificial digestion, of the first, second, and 
third cuttings of the year 1894; the first cutting of 1895, and 
the three cuttings of 1896. 

ARTIFICIAL DIGESTION OF PROTEIDS IN ALFALFA HAY. 


oy | i ae] 2h 

H ae . Se : : % ae ae 8s 
3 \35 Condition at Time of Cutting. 8 Be fo 8 2 & 
A eS B24 ) 85 | ee") 7A 
z lee a a ene asic 

Samples gathered in 1894— 
1/1 Plants notin, blooraey ies lye, < cts air apadtisiey eile a sewiatcarMeORSs [Un OnOuaa ee OOda ESONOT 
2{ 1 Slants not imi blooms pare sss eee bie locsesiemneaet wenn eloet EO, 420 neds ilonmeSOKae 
8| 1| Plante in half bloom.......+........ Seca pg 2.514 | 0.520] 1.994] 79.30 
4 1 Plantstin fall) bloow-25204. 4. Sees eee belts Adactgeiine sel) CUBS f monn OO S2390R\" “80426 
Belgol ldnate tims Cell (plooretentes cess atecttines aernic folcteeaxee ere 2.770 | 0.522 | 2.248 | 81.15 
Cia jen Planutsin early seed.c-- tenes se tee cee acetone cates (ae OOL ict OL64S Wn 2a408 dr 378492, 
walled PlanteameiallG seeder. 5 sort. icky nearest eee sronmiacetare lie at O00) fi KOs peor Le O0nr kn cose 
rola ad Plants coming in bloom... 02.2.2. sees eee ateenas| 8.080} 00522751) 2.515 $82.81 
gr 2 Plante Tea LOtAl hoa] oY Cavey iy eRe An en ete pee OA anc cap OB SAS 2.657 | 0.542 | 2.115 | 79.60 
10} 2 Plante tus) DlOOM: <-e.c os.agere ac'acsc seis tropctoas statements ees eles 2.627 | 0.502 | 2.125 | 80.89 
11j 2 (Picheqcrinacs deul oMornp ma eeepeeeieoree ces pone abr c pedo aatotane 2.382 | 0.495 | 1.887 | 79.18 
12) 3 May College, farm. so... kyon a aes ae iask suse ee, GLa le Onn 4 |= 2 5 SORE) 82169) 

Samples gathered in 1895— ; 
13} 1 Plamteuini tolls bloorai: achat veya ctsyefeiiapetareiielausieetelstersa tea 2.588 | 0.499 | 2.089 | 80.72 
14} 1 Pian tently loom s.r. hate ahs cdma eelssbhacie oer 2.702 | 0.508 | 2.194 | 81.20 
Peale Plante ask) bs blOOIM, asin oy elcisoeserllssintsiee sit tetas 21000) en Ond LOL |) 2.0 7015| 2 S0s0T, 
16 1 Pdan tein fab loom 2S: Lc oe ous sense er entoneeIey ees 2.657 0.540 2.117 79.68 

Samples gathered in 1896-- 
17 1 Plantsicoming in bloom), o.. i. <-<-cccigneeccsceseee|) 2.024 Ir .0:680 | 2,044 77.89 
185} Plante in! hall blooms +54. joe gneve aaaeanedne eeciest!) (ores ue olea|s 2.002 41) “79060 
195), A Phari tsar GU DLOOUIN:, eqns cud inn Sart wekiad tae atae | A IGHOSN New O see iy oetOOu ul SL.69 
20) 2 Plants: coming 10, bloom ies gtooe cele ew ease Secee sc derily 2uQOr |) eOL6G8 |) 52538262).. 7779 
al} 2 Plants in half bloom i22.2n-cee casos etce cece scot cos082 |) 10.664, | 2.368) 78.10 
22 | 2 Piantean tulle looms sacks tre comes mia acaareatiee OO 0,008" | “2cdl1- 480.8% 
28) 8 Piants coming 10) DloOniaan Ne cues nascent eee eh. Or6a0,| 2.200) 78.08 
24] 3 Planteim half bloom. 2. ..52 ssc scene ce uaes eee asceer| 2-08L | ~O.567"] (27118 | 78.85 
D5 s lari pantirr tile WlOOM. cs «cot os pumila adios dscns bile ce +s 2.722 | 0.596 | 2.126 | 78.15 
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It is observable throughout the series that the samples 
in full bloom have a slightly higher co-efficient than the 
other cuttings with only one exception, which_ is in favor of 
a very early cutting. The third cutting hay (No. 12) is not 
an exception, as the plants were nearor at full bloom when 
cut. 

We have already given the average co-efficient of al- 
falfa hay of all kinds, determined by animal digestion, as 
78.4. The highest and lowest individual results in the ex- 
periments which we have accepted as most representative 
are far apart, ranging from 70 to 83, a maximum difference 
of 13 per cent. of the proteids. The maximum difference in 
our series, debarring No. 7, because it was too ripe for hay, 
is five per cent. of the proteids, or, including all samples, it 
is approximately ten per cent. of the proteids. The co-eth- 
cients given by cuttings are as follows: For 18094, first cut- 
ting, 79.43; second cutting, 80.62; third cutting, 82.69; for 
1895, first cutting, 80.64; for 1896, first cutting, 80.14; second 
cutting, 78.81 ; third cutting, 78.85. . The average for all the 
cuttings, made in the three years, is 79.79, which is in excel- 
lent agreement with the results obtained by animal diges- 
tion. 

The results taken by years are as follows: For 1894, 
hay two years old, 80.91; for 1895, hay one year old, 80.64; 
for 1896, new hay, 79.27, from which it is clearly apparent 
that the proteids have not lost any of their digestibility, 
and from this standpoint hay which is one or even two 
years old, is quite as good as new hay. The nitrogen de- 
terminations given on page 11 showa relative increase of 
nitrogen, so that whatever changes take place in hay in the 
mow, during the course of one or two years, they do not 
cause any deterioration in either the amount or digestibility 
of the proteids. The importance of this wiil be more ap- 
parent to the average feeder when he considers that the 
proteids make up between 1-7 and 1-6 of the total weight of 
the hay, and that in value it is equal to over one-third of the 
hay. © Dhts*is based upon two and three-tenths cents per 
pound for proteids, one and fourteen-hundreths cents per 
pound for fats, and ninety-four hundreths cent per pound 
Ae yoies fiber and nitrogen-free extract. (Conn. Exp. Sta., 
1893. 


PENTOSANS. 


It has been customary until very recently, and is still 
the general practice, to divide the food elements of plants 
into the four groups, fats, crude fiber, nitrogen-free extract, 


and crude protein. We have known how to divide the pro- 
tein into two classes of nitrogen compounds, which are 
probably of very unequal value as food constituents, and, 
while we have been accustomed to speak of nitrogen-free 
extract, as though it had some definite individual character, 
we have done so with the understanding that it included 
gums, starch, sugar, etc., etc., and the same has been the 
case with the term crude fiber. We know that it contains 
cellulose and other allied compounds which differ from one 
another in composition, and probably to even a greater ex- 
tent in their physiological value. Several of these com- 
pounds give, under similar treatment, a characteristic pro- 
duct which becomes the measure of the amount of them 
present. While it is exceedingly improbable that there is 
in the hays, to be mentioned later, only one furfurol-yield- 
ing complex, | have, for the sake of greater simplicity, cal- 
culated the results obtained in terms of xylan, as this is 
probably the predominating group yielding the furfurol. 
These substances are given in the present prevailing 
method of stating fodder analyses, partly as crude fiber and 
partly as nitrogen-free extract. The former, according to 
our results, contains from one-half to three-fourths of them 
and the latter the rest. We frequently speak of the nitro- 
een-free extract as almost equivalent to carbohydrates 
soluble in water; this custom has the merit of easy expres- 
sion and convenience. — It is not our province to determine 
the relation of these constituents to the economy of the 
plant, and it does not effect our object in the least to deter- 
mine this, but simply to determine the quantity of them ~ 
present. It seems highly probable that, as they are more 
reactive than the celluloses proper, they play a more impor- 
tant part in the nutrition of animals than these, but are in- 
ferior to the carbohydrates proper. 


We have followed in our furfurol determinations the 
method as laid down by the Association of Official Agricul- 
tural Chemists, except that we dissolved the hydrazone in 
ether alcohol. 

The samples of alfalfa hay used in these determina- 
tions were the same samples of which fodder analyses have 
been given in Bulletin No. 35 and in the early part of this 
bulletin. The results in the following table are calculated 
on dry matter. The crude fiber found in these samples 


is also given. 
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XYLAN IN ALFALFA HAY. 


No.| Cut- Condition of Plants. Xylan. ee) 
ting. 2 
Samples gathered in 1894-— 
1 1 Planta not in DYOOM 6.253. seks ees cee ne geen nee oii Guinp a 9.44 37.04 
2 1 Plants in full bloom......- s+. ++ sees reeset ee gese teense es 9.86 38,50 
3 1 Plantsiin fall bloom. ocr. ets aac etamee iia Cpe eee ial 10.94 42.97 
4 1 Plants in early seed.) .i.'5.4 ¢aeisi4-lajak geist» teense ew eeeaee ale utalnyetere 13.77 40,18 
5 1 Plants in: full (eGed ss £1 65,45. «coe Seed oF oc adere tees a ee ean 14.42 48.38 
6 2 Plavitsicoming-im bloom) (2445 4-tice bees dant naiereutte saraie peentels 14.08 34,18 
vi 2 Plants in*halfbloGin...: 3. 2. se sete etek tise hererataT igh 12.43 39.19 
8 2 Plantsin half bloom jh Se Mee a ce om cleo a ceeeaeateval aetna 14.50 39.88 — 
Ht) 2 Plantsin fall "blooms is syass sees ets we rerere cee ease tetera tretete eerste oats 12.48 39.64 
10 3 Hays from: College tarrics ic: cccucte cake oa nieces ne totocteler-tee herpes 10.54 39.86 
ll 33 Hay. Bront HOCK LOF \. cadres atreistence airs oben sickest psoas eles aalate 12,34 34,27 
Samples gathered in 1896— 
12 1 Plants coming,in. blOOM,. i: :<..wasceg-bome ols eaiiel tere cee ee 14.24 39.43 
13 1 Plants.in half bloom st.4/od. dene 9: eety geen tote see ania aid tape 11.09 35,61 
14 1 Plants:infallubloom)s. nc S24.) cet naetdeee cemk eae es oeeh mead 9.12 37,29 
15 2 Plantsiconiing in: bloomt./.: 5.8 Su aheoie- estas Sen ee 8.88 28.75 
16°} 2!) Planteiin half bloom.) ....,\/.ljalhww QeeNebes tk od a 1 0 26.81 
17 2 | Plants ‘in full bloom... 02 Leaks itso ees Olde nae 11.01 29.64 
{6/'|\ {3°}? ) Plants coming in bloom 7!) Rn. Be 10.11 26.59 
19403 | (Plantain halt "bloona:..002. Fie bane eran ses ese oe arene ere ae 11.76 33.00 
20) 3 | Plantsan tallobloom).. +2... passe eer e eee aceon eee 12.91 32.94 
Parts of Plants— 
21 3 | BOB VOB or eos e paoke cin + hn. as's dings aseig aly Se Re Ce Ree 9 29 13.00 
22 3 | Wpper'part- of stems.. 3-26 cere Seen re eee 18.322 So eee 
23 3 | Lowerpart of stems... .& .ctica- chicane eee eee eee ere PROD liiceieteeset sats em 
| Crude Fiber-— 
24 3 | From THO NERVES Fo eer 8 = <iniiaan oa eC A eee Les BS eae ot ata ION 
25 Bey) From the upper partiof the stems .....1.. wutss rs tench LStAS: OP eb ceeds 
26 3 | From the lower part ofthe stems <). 2. eee ee 15.41 33.07 


The percentage of crude fiber is given in the first 
twenty analyses to show that there is no constant relation 
between it and the xylan in the whole hay. This becomes 


more apparent when we examine the results of 24, 25, and 


20. If we calculate the xylan found in 24, to percentage of 
the total xylan 


in the original sample, assuming thirteen 
per cent., as the average for crude fiber in leaves, we find it 


corresponding to 17.69 per cent. And in like manner for 25 
and 26, assuming 33.07 per cent., as the percentage of 
crude fiber in the stems, we find the xylan in 25 corre- 
sponding to 33.33 per cent. of the xylan in their original 
sample, and in 26 it amounts to 45.29 per cent. The method 
of preparation of the crude fiber was not the same in 
each case and these samples are not strictly comparable as 
far asthe method affects the question. 

If we express these results in the more direct manner 
of stating the percentage of the total xylan removed by the 
successive digestions with sulphuric acid and caustic soda, we 
find that in the case of the leaves 82.31 per cent. of the xylan 
was removed; in the upper part of the stems, the small 
ends, we have 66.66 per cent. removed, and in the lower and 
more woody part we find that 54.71 per cent. has been re- 
moved. While it may not be rigorously correct that the 
amount of those substances which yield the furfurol are 
proportional to the furfurol obtained, it may be assumed to 
be true for the aggregate which we have in hay, and an ex- 
amination of the percentages of xylan shows that they, like 
the proteids, depend probably not so much upon differences 
of soil, as upon seasonal differences. Taking the three cut- 
tings of 1896, the second and third show an increase in the 
xylan as the plant matures, but the first cutting shows the 
opposite. The samples collected in 1894 are equally indefi- 
nite. We are, however, justified by analyses 21 to 26, in 
concluding that there are several complexes present which 
yield furfurol, and they offer different degrees of resistance 
to the alternate action of acids and alkalies. The com- 
plexes yielding more readily to the action of these agents 
predominate in the leaves, forming nearly nine-tenths of 
the whole amount, whereas in the stems they form only 
about one-half. 

Analyses to be given subsequently indicate that there 
is still another distinction, forsome of them are removed by 
extraction with alcohol and water, while others are not. 
The conditions, under which the work recorded in these 
paragraphs was made, were as uniform as possible, for it is 
evident that this is necessary in order that our results shall 
have the same significance. 


COMPARISON OF LEGUMINOUS HAYS BY NEW METHODS. 


It has long been felt that our methods of fodder analy- 
sis leave much to be desired, and, while they are very help- 
ful in forming a judgment of the value of a hay, they have 
not been conclusive. I do not claim that the present effort 
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leads to much more satisfactory conclusions, but it is an 
effort to get a more definite and detailed view of the com- 
ponents of hay. Heretofore we have been accustomed to 
speak of carbohydrates and water soluble substances as 
though starch, sugar, etc., were present in abundance. We 
may not be able to show what the substances are which we 
have been calling by these names, but we can show how 
much sugar and starch are present and that we must find 
some other names for the rest. As an example of the in- 
adequacy of a fodder analysis to enable us to judge of the 
value of a grass asa fodder plant, I may cite the case of 
Stipa viridula var. robusta. My attention was called to this 
grass by Professor C. 5S. Crandall, who requested me to an- 
alyze it. The grass is one familiar to people of the West, 
growing in bunches among the foothills. For comparison 
we give ananalysis of a hay taken from the Year Book of 
the Department of Agriculture for 1894: 


Hay, mixed grasses, Stipa 


» and clover. viridula. 
Per cent. Per cent. 
NVIGEET wig tucad ander face Bak ae am eee a0 5. 53 
VSL sip hescaicce Yess oj! aaieke oe eae ae 4.40 5. 70 
PEOLEIN ace. osc Foe 5.90 8.91 
Le 8S eae penetra ee ta ES 29.00 39.60 
Nitrogen-free extract.... 45.00 254.2 
POAC eer ath a 9 See rae ane eae 2.50 1.96 


The analysis of the hay is an average analysis, while 
that of the Stipa is a single analysis of asmall sample; but 
it suffices to show that hay made from this grass ought to be 
preferable to a mixed hay, that is the average article, but 
cattle will not eat the Stipa, and horses feed on it with 
great moderation. The analysis is correct in regard to the 
composition of the fodder, but stock do not like it, and hay 
which animals will not eat, except when driven to it by ex- 
cessive hunger, does not answer the purposes of a first-class 
fodder, however good an analysis may show it to be. We 
have a parallel in the composition of our native hays and of 
alfalfa. All stock, so far as I know, eat alfalfa greedily 
and its analysis shows it to be an excellent fodder for gen- 
eral purposes, and yet it possesses qualities which make it, 
In general estimation, a poor fodder for work ot road 


horses, and it sells in the market at about one-half the price 
of native hay. 


It is not probable that chemical analyses will ever be 
able to discover these properties which are, partly at least, 
physiological ; still we may yet learn more about the subject 
and become able to form a better judgment than we can at 
present. 


In the following I have endeavored to obtain a better 
knowledge of the hays made from alfalfa, clover, the field 
pea, and native hay. 


For the methods followed I am indebted mostly to the 
work of Cross and Bevan, but I have also drawn upon what- 
ever literature has been accessible to me. 


The process of analysis is almost identical with that 
proposed by Professor Stone, i. e., successive extraction 
with boiling alcohol, cold water, diastase, boiling dilute acid, 
boiling dilute alkali, and treatment of the residual fiber 
with chlorin. The reducing power of the products of hy- 
drolysis were determined by means of Fehling’s solution 
and estimation of the copper by means of potassic cyanid 
solution. . The..chiet; difficulties, arose (irom. /the large 
amounts of coloring compounds presents in some of the ex- 
tracts. The reducing power of some of these solutions was 
diminished by treating them with basic lead acetate, though 
I could find no sugar in the precipitate. 


The preparation of the sample of hay for this process is 
of considerable importance. If there are larger pieces of 
stems, itis difficult to free the cellulose from lignones and 
the cellulose will give the phloroglucin-hydrochloric acid 
reaction. 1 found this markedly the case with alfalfa, 
clover, and the pea vines, but not so with the native hay. If 
the sample is ground toa uniformly fine powder this is not 
the case, and the cellulose will not react with the phlo- 
roglucin solution. That thisis the correct explanation of 
the cause of the reaction, and that it is not due to the ina- 
bility of the chlorin to remove the lignone groups, is clearly 
observable when the reaction is watched under the micro- 
scope. The small pieces will remain uncolored, and the 
large ones will be observed to have an outer uncolored por- 
tion inclosing a colored nucleus. 


The alfalfa selected for this analysis was a sample of 
new hay made from plants coming into bloom. 


The following are the results obtained: 


ss 


Per cent. 
Invert sugar .:..0 Svs Skee Sa eee none 
Sugar es. sca Wie eed ce ee trace 
TeMAP Th Se ee ee trace 
Stakch? fe a ee ee 
Xylan, inverted by dilute acid ........... B70! 
Xylan, soluble in alkalisolution......... ASIES 
Lignones, rendered soluble by chlorin.... 6.66 
Cellulose). ¢.5 (4... 2 ee eee 25.59 
Whoisturé. «2280.2... 6 eee AON 
Ash gone oe. i. A eee 9. 81 
Ether gextract:.\..... seca eee TES 
BrOveiiS i, Avian, is ka Set ed ee 15.16 
Solubleinvalcoholz: } cies. ee een Tay, 
Soluble in water (starch, etc., deducted) .11.88 
Not determined s(t 2 Ries eee 2. OF 

100.00 


The substances dissolved by water are only partly pre- 
cipitated upon the addition of a large excess of alcohol. 
The amount precipitated was 8.2 per cent. of the sample. It 
did not prove to be dextrin. This caused me some trouble 
and I increased the amount of hydric chlorid used in invert- 
ing and increased the time of heating, at the temperature of 
boiling water, to one and a half and even to two hours. I 
did the same with the starch solution. 

A portion of the sample was extracted successively with 
95 per cent. alcohol and cold water—two grams of the sam- 
ple, 24 c. c. alcohol, and subsequently 4o c. c. cold water— 
the residue was washed with cold water and the remaining 
nitrogen determined. We found 1.554 per cent., calculated 
onthe air dried substance; whereas the total nitrogen was 
equal to 2.426 per cent.,a difference of .672 per cent., which 
is Over 27 per cent. of the total nitrogen. This is rather more 
than we have found in any sample in the form of amid nit- 
rogen; but inasmuch as some samples have furnished nearly 
as much as this, we are led to believe that it is the amids, 
principally if not wholly, which are soluble in water. There 
is in this no oxidation and fermentation such as take place 
in the weathering of hay, and the two processes are not 
equivalent, though they may be similar to some extent. 

_ The crude fiber contained, in this instance, .33 per cent. 
nitrogen, or, roughly calculated on air dried hay, about .11 
percent. This was neglected in the further calculations. 


Of the crude fiber itself 78.96 per cent. was cellulose, and 
21.04 per cent. was lignones. 


5 ja 


The sample of clover hay was two years old. The 
plants were cut when the heads were half turned, and the 
whole plant was cured without the loss of any leaves or 
stems. The sample, as judged by physical properties, is 
somewhat above the average of clover hay in quality. The 
ordinary fodder analysis of this sample was,for the dry matter: 


Per cent. 

TR oe CET oe a OER Le en eae 10.63 
PiEHGr CSUPACE Soe rect cok et ee ee a OM. 
Cae OLOE CH. 6 Ses eer ieee een ene 14.18 
Ge DCG. Ao cy so hens eee gcd dae ee 20.52 
INST POCei fee Cxtraci) woe ca, ea mae 42.60 
CUNGLEE Ls: 5. a va cae Serta ra TT cee 100.00 


The average percentage of nitrogen, as determined in 
the fresh sample, was 2.268, and two years later it was 2.287. 
There is no apparent change in the nitrogen content caused 
by its aging. 

The co-efficient of digestion, as determined by persin 
solution, was found to be 76.43 per cent., which is rather 
higher than the maximum for red clover hay, 71, and even 
higher than that of the green clover, 76. This hay was going 
on three years old at the time the determination was made. 

The amount of xylan found was 16.54 per cent., which 
is materially more than the maximum found in alfalfa hay. 
The average nitrogen-free extract in alfalfa hay is close to 
32 per cent., while the clover has 43 per cent.; and it seems 
probable that the excessive xylan found in the clover, owes 
its origin to the non-fibrous celluloses included in the nitrogen 
free extract. The fuller analysis of the sample was as follows: 


‘ Per cent. 
LU SVE eS G80 ®nal Pee 
SAUTE 28 Se SRN Me MR REE ie 9 ea Oe As Oe 
| LESS el 8 ES ROMO IES WC cit, Ge Mit shatl Paes eNO 4.03 
SUE AGO 2s Rea RAT CN, as Sere at a Bk 0.76 
Xylan, mvercted :by: dilutemcrd: =. 2 -< ase 4.03 
Xylan, soluble in alkali solution......... O.72 
Lignones, soluble by chlorin...........224. - 4.99 
Ge LH OSC igh bie iA 35 hg the ete canada Me 18.70 
INORS ELL) Does css ide ee meee ec ke, Bae & 5 30 
PUY GPs ca backs cep ca A NES on acs ah A oe ar. 1Oak7 
ieee. EX ERA CL pein ier te ts es Quoc! 1.88 
AOC ELSE. 52) bas tear atten pee ueat,, i: 13.43 


Soluble in alcohol, sugar, etc., deducted | eb 
Soluble in water, dextrin, etc., deducted \ ~”*” 
INGO CELET MEG ek se ett ee sss 4.80 


The total loss upon successive extraction with 95 per 
cent. alcohol, cold water, and then hot water, was 37.8 per 
cent. The amount extracted from alfalfa hay was, in round 
numbers, 28 per cent. I did not in this case determine the 
amount of nitrogen removed by the extractions. 

The crude fiber in this case contained 77.88 per cent. 
cellulose, and 22.12 per cent. of lignones; practically identi- 
cal with the composition of the crude fiber prepared from 
alfalfa. 

The nitrogen-free extract, however, differs both quan- 
titatively and qualitatively from that of the alfalfa. To 
what extent this difference is due to the difference in the 
development of the plants at the time the samples were cut, 
would be interesting to know. The absence of the sugars 
in the alfalfa sample and their presence in the clover may 
be wholly attributable to this. Alfalfa is our principal 
honey plant and yet this sample which was just coming into 
bloom yields only traces of the sugars. That they are sub- 
quently present cannot be doubted; but whether they are 
ever present in sufficient quantity to constitute more than 
a fraction of one per cent. of the hay is a question. 


PEA-VINE HAY. 


As the quantity of pea-vine hay made in this state ag- 
gregates a large amount, I shall, at the risk of digressing 
too much, give a brief presentation of it in comparison with 
the other hays, particularly in comparison with alfalfa and 
clover hays. The variety of pease here dealt with, is what 
is designated the Mexican pea. It is a strong grower and 
quite prolific. I am indebted to Mr. James A. Kelley, of 
Monte Vista, Colorado, for one of the samples of hay and 
to Mr. R. E. Trimble for the other. Both samples are from 
the San Luis valley, where the pea-vine hay, to a certain 
extent, takes the place of alfalfa and clover hay of this por- 
tion of the state. , 

_ , 4am informed by Mr. Kelley that experiments in feed- 
ing pea-vine hay to horses, steers, and sheep have given 
very satisfactory results, especially so with sheep. Mr. Kel- 
ley’s statements of its effects upon horses indicate that they 
are similar to those of alfalfa, but are much milder and he 
makes no mention of its producing any cough or the 
heaves. This hay even when cut, after many of the pease 
have ripened, is an acceptable fodder to cattle and one on 
which they do well 
[he sample furnished by Mr. Kelley was in perfect 
condition ; the plants were almost at full bloom at the time 


of cutting, and the pods had merely formed in the older 
bloom. The leaves were well preserved. The sample ob- 
tained for me, by Mr. Trimble, was of hay cut when the 
plants were quite mature and a goodly number of the pease 
were ripe. The hay, however, was in good condition. The 
samples were ground to a coarse powder, from which 
smaller samples were prepared for analysis. 


COMPOSITION OF PEA-VINE HAY. 


i, d ie ge] og 
ae ieie iL 48) Deer he eae 
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Jut at time of full bloom............5.. | 5.871 | 11.2738 3.200 | 20.200 | 20.428 | 30.028 3.232 
Water direett. fivreace tices sae we eeineeion onmineee 11.977 3.398 | 21.460 | 31.264 | 31.901 3.4384 
Catwhenhin ull podiies. css. See en oe 6.028 | 7.135 | 1.839 | 16.581 | 30.013 | 38.404 2.653 
| 
Weatertree sce ac seats se: amc Hee esters 7.092 | 1.957 | 17.645 | 31.988 | 40.888 | 2.723 


We give, in the subjoined table, analyses of pea-vine — 
ensilage, first cutting alfalfa, and clover hay. Pie analyses 
of the ensilage and clover hay are reproduced from Bulle- 


ee : 
tin No. 35. 
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Pea-yine ensilage ..........0...-.-+.-... | 4.710 | 14.910 | 3.240 | 10.950 | 30.060 | 36.130 1.752 
AWateriree © asics sa... nak wet eee 15.630 | 3.400 | 11.300 | 31.390 38.540 | 1.839 
Alfalfa, average of first cutting........ | 6.210 10.030 1.550 | 14.850 | 36.280 31.080 2.376 
NV SID OT NG Cilsordipels varie aia sew NE emanate 10.694 | 1.653 | 15.833 | 38.682 | 33.188-) 2.533 
Clover hay, water free ............: = eee eee hi 10.630 | 2.070 | 14.180 | 30.529 £23600! [oes our 


297 pounds, while the pea-vine hay, cut in full bloom, con- 
tains 404 pounds per ton; and it is only a little higher than 
the clover hay in crude fiber. We also observe a decrease 
in the ash constituents and the proteids with the ripening 
of the plant, so that the pea-vine hay forms no exception to 
this rule 

It will be noticed that it removesa large amount of ash, 
the hay containing an average of 9.204 per cent. of ash or 


mineral matter. 


Soot BE 


so eae 


Ceestves 


ee ee  ———eEe—eEeEEEEeEeEeEeereerl eee 


ae 


Ee SE Te FL ae ee Be SST en 


hy 


These ashes were submitted to analysis and the results 
are given below, together with an analysis of an alfalfa ash, 
made from plants of first cutting, full bloom. 

The composition of these ashes is as follows: 


Pea Vines | Pea Vines. Alfalfa 

full opin fii 6a; full biosikt 
(Err 0) tose ddan aso BEC I cpauos PRCDOn Reon ona odoNacpicd Dod Trace Trace 0.112 
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shite Gat." lee aaa ee ABS EIR ema e ry aeesoeeacarke scat occ 2.620 3.298 0.881 
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GORE eeepc wsrvini se eisseietfie\ey hayes Noi tlb ora nceiabel ta eeaeare latte 6.231 3.765 8.500 
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Ma STEETCIOXIO. ces qcdane cena Cuca id cat sbiee warm aeteoeteate ten ise 3.669 4,192 3.798 
MOrriGeo mais ee vine caectns tone ttan gai’ s-<tearesite) Heemrhactememeae 0.659 0.560 0.269 
BUDD IC-ORLOL cere sice ae sy cana fot eisai he doen e Raye 0.366 0.548 0.089 
Manpanic oxids brown... «weiss schon on sate tuceb ne eee ae 0.262 0.560 0.168 
Potasaic oxidtpotasghy. 3 sacs ssc se bs ine Se ah eee ees 36.164 30.917 24.240 
Bodicroxid Soda. ce vss ciyectscerncnWrcenses od tease eee 1.366 3.629 0.943 
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Less oxygen, equivalent to chlorin................-.. 1.188 0.855 1.920 
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These results show that the pea is a still heavier feeder, 
particularly upon phosphoric acid and potash, than the 
alfalfa plant, which, in the aggregate, removes very large 
quantities of these substances. The phosphoric acid in the 
alfalfa ash is quite the maximum found in fifteen samples 
prepared from alfalfa hay, but is less than that in the ashes 
of the pea vines. On the other hand, the sum of the lime 
and magnesia in the ashes of the pea vines is only from one- 
half to two-thirds of the amount found in the various sam- 
ples of alfalfa ashes. The ashes of the pea vines compare 
with those of red clover in the same sense and almost infthe 
same degree as with those of the alfalfa. In regard to the 
total nitrogen in the plant, it will be observed that the pea 
vines contain materially more of it than alfalfa does. For 
the purposes of green manuring, they are easily and quickly 
enough grown to deserve the attention of our ranchmen. 
They will serve admirably to add organic matter and nitro- 


gen to the soil and to render other plant food more avail- 
able. 


CRUDE FIBER AND NITROGEN-FREE EXTRACT. 
Our subsequent analyses of these samples, of pea-vine 
hay, with the object of getting more definite information 


concerning the composition of the crude fiber and the nitro- 
gen-free extract, resulted as follows: 


Jn full bloom. In full pod. 


Per cent. Per cent. 
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I was quite surprised at the absence of starch in the 
sample in full bloom, but no moreso than at the small 
amount of this substance in the alfalfa and the very small 
amount inthe clover hay. The result for the alfalfa is en- 
tirely consonant with the results of the following experi- 
ment: A portion of the alfalfa was digested with alcohol 
and subsequently with cold water, to remove as much of 
the coloring matter and extractives as possible and then 
examined under the microscope, at last with the addition 
of asolution of iodin in potassic iodid, the reaction with 
the lignocelluloses was very strong, and if there was any 
reaction for starch it was entirely masked. I at no time 
succeeding in obtaining a satisfactory test for starch in this 
manner, though some of the tests might have been inter- 
preted as showing its presence, and I think this interpreta- 
tion is correct; but it was not clear enough at any time to 
indicate a large percentage of starch, even after boiling 


* A second determination gave 2.94 per cent. + Sugar, dextrin, etc., deducted. 
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the sample with water. The extract of this sample of pea 
vines obtained by first boiling it, after having previously 
freed it from gums and fats, with fifty times its weight of 
water for an hour and a half, subsequently digesting with 
diastase for two hours at 55-60 degrees and inverting with 
10 c.c. of concentrated hydric chlorid at a temperature of 
90-95 degrees, failed to give any more sugar than was 
added with the diastase though tested three times. 

That starch should be found in the other sample is in 
accord with the condition of the plant at the time of cut- 
ting, i. e., in full pod with many ripe pease. The large per- 
centage of lignones in the crude fiber of the hay made 
from the maturer vines may be due to the relatively large 
quantity of pods in the sample and suggests a great differ- 
ence in the quality of the samples. 

The pea-vine hay made from the less mature vines 
resembles the alfalfa samples not only in the amount of 
lignones present in the crude fiber, but also in the amount of 
xylan yielded upon distillation, 11.17 per cent. The amount 
of the lignocelluloses present varies with the maturity of 
the plant, especially those which are not susceptible to 
hydrolysis by dilute acids and alkalies increasing with ma- 
turity, while the cellulose remains nearly constant. 

The furfurol yielding complexes, expressed as xylan, 
are less abundant in the mature plants than in the younger, 
but the difference is probably within the limits of error due 
to the method, and not conclusive as regards their variation 
in the plant. The sample made from plants in full bloom 
yielded 11.17 per cent. xylan, and the one cut, when the 
plants were in full pod, gave 10.23 per cent. The range in 
the percentage of xylan found in our alfalfa samples is 
from 8.9 to 14.50 per cent., but fluctuates so irregularly that 
no evident relation can be discovered between the develop- 
ment of the plant and the amount of xylan found and the 
same would probably be the case with the pea-vine hay if 
our series of samples were only slightly extended. It is 
true, too, that our method is not very sharp and small differ- 
ences in percentages have so slight a significance that the 
range of only about six per cent. may be taken as estabiish- 
ing the xylan content of alfalfa and pea-vine hays at about 
ten or twelve per cent. Therelation of the lignones to the 
xylan found is not made apparent by our results, if any 
exists at all; the ratios obtained are approximately as fol- 
lows : for clover, 0.30:1; for alfalfa, 0.47:1; for pea-vine hay, 
cut when the plants were in full bloom, 0.42:1; but for pea- 
vine hay cut when the plants were in seed, the ratio found 


is 1:1. There is evidently no approximation to a uniform 
ratio shown by these figures. 

The residue cbtained from the mature sample by suc- 
cessive extractions with alcohol and cold water yielded, 
upon distillation with hydric chlorid, xylan equivalent to 
8.01 per cent. of the air dried hay, or 78.2 per cent. of the 
total xylan. This seems to indicate a greater difference 
between the pea-vine hays, in regard to the character of 
the lignocelluloses present, than in regard to the other 
constituents. The deportment of the hay fromy =the 
vines in pod toward heat, i. e., the readiness with which it 
browns, is probably due to the large amount of these ligno- 
celluloses present. I have not observed so great a sensitiv- 
ness in any sample of fodder which I have analyzed. The 
roots of alfalfa alone have exceded it in this respect. 

Accepting the phloroglucin reaction as indicative of the 
amount of these lignocelluloses, 1 began a series of obser- 
vations on samples of alfalfa taken from the same root, at 
intervals of seven days, the first sample being taken when 
the stems were only four or five inches high. The inten- 
tion was to continue the taking of samples from this plant 
atthe stated intervals untilthe plant was fully ripe, and to 
study the development of the lignocelluloses in thin sections 
under the microscope for each internode of stems through- 
out the whole period of growth. An accident to my chosen 
plant, it having been cut up, brought this experiment to a 
sudden end. My observations indicated the absence of 
these in the very young joints, and their subsequent devel- 
opment in two rings, the first continuous with the fibrovas- 
cular ring whose outer margin was fluted, while the second 
one lay outside of this and was composed of individual 
bundles, sometimes, but not always, coalescing so that the 
ring was broken. 

The co-efficient of digestion of the proteids in these 
pea-vine hays, as determined by artificial digestion, are 
rather higher than, but not very different from, those found 
for the proteids in alfalfa hay. They are, for the pea-vine 
hay, cut when the plants were in full bloom, 84.71; and, cut 
when the plants were in full pod, 81.61. 

Ican not find that the co-efficient of digestion of such 
hay has been determined by experiments with animals, 
though such experiments have been made with pea straw, 
the proteids of which have a digestion co-efficient of 61; 
also with pease in which the co-etficient is, for ruminants, 
89; for horses, 86; and for swine, 88, from which it would 
appear that the proteids in such pea-vine hays are of nearly 
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as much value as the proteids in the pease them- 
selves. In this statement, the amount of amids which may 
be present in the pea vine is not considered. 

The crude fiber of the pea-vine hay, sample in full 
bloom, was composed of 74.25 per cent. of cellulose, and 
25.75 per cent. of lignones. This is quite close to the com- 
position of the crude fiber from the alfalfa and clover hays 
in which the cellulose was 79.96 and 77.88 respectively. 

Whatever the value of the lignones may be, this seems 
to be true of these three leguminous hays, cut when the 
plants are in full bloom or earlier, i. e., that there is about 
six or seven per cent. of them present which resist the ac- 
tion of dilute acids and alkalies, even when the soluble por- 
tions of the hay have been removed by previous extractions 
with alcohol and water. Inthe sample of pea-vine hay in 
pod these lignones increased and the cellulose in the crude 
fiber amounted to 63.82 per cent. I have already suggested 
the presence of a large percentage of pods as a possible 
explanation. This, however, only means a particular stage 
in the development of the plant. 


UPLAND AND MEADOW HAY. 


These names are applied to hay made from grasses 
growing for the most part onlevel grounds along streams 
or where water courses have been. 

The grasses making up this class of hay are numerous. 
Prof. C.S. Crandall, of the Department of Botany, kindly 
determined those presentin the sample analyzed. The first 
two in the list made up the major portion of thesample. They 
were as follows: Andropogon scoparius, Mich.; Carex marcida, 
Booth., Elymus canadensis, L.; Panicum virgatum, L.; Sporo- 
bolus asperifolius, Thurb., Sporobolus cryptandrus, Gray; Poa 
tennifolta, var. vigida, Vasey; Andropogon furcatus, Muhl.,; 
Chrysopogon avenacrus, Benth.; Calamovilta longifolia, Hack., 
A gropyrum tenerum, Vasey; Bouteloua oligostachya, Torr. 

ihis hay was made in the latter part of August, 1896; it 
was cut from land belonging to Mr. J. J. Ryan, and lying 
close to the Big Thompson river, near the town of Love- 
land, this county. 

This hay was considered to be a good quality of this 
class which is ia large demand, at all seasons. The market 
value of such hay is always greatly in excess of that of al- 
falfa, usually a little less than twice that of alfalfa hay, and 
often fully twice. Iam, myself, not in position to express 
an opinion as to what extent this difference in price is due 
to the differeace in the supply of the respective hays, but 
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persons who keep horses for road purposes, liverymen and 
others, will not use alfalfa hay. On the other hand, feeders 
of cattle and sheep use alfalfa principally, if not exclusively, 
in this section. Ido not know how this matter stands rela- 
tive to pea-vine hay, but the pea-vine silage has been fed 
with very satisfactory results. 

It would seem that the low esteem in which alfalfa is 
held as feed for horses, is mostly due to its action upon the 
kidneys and bowels of the animal and also to the fact that 
the loss in feeding horses alfalfa hay is very large, due to 
their not eating the leaves readily, and lastly, because the 
alfalfa is sometimes dusty. It may be that this is in part a 
practical recognition of the fact that the nutritive ratio of 
the whole hay is rather a narrower one than is desirable. 
Be this as it may, an average alfalfa hay has a much larger 
percentage of proteids than the upland hay, also less crude 
fiber, and the proteids in the alfalfa have a higher co-effi- 
cient of digestion. The same is in a measure true of clover 
hay, but the upland hay is preferred for feeding animals at 
work. 

The composition of the upland hay was as follows: 


Per cent. 

BeOS ERE oO eee eM cs ca auction 35047 
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The co-efficient of digestion for the proteids found by 
artificial digestion was 45.77, about equal to that given for 
the proteids in late cut timothy.. I gave on a preceding 
page an analysis of hay made from Stipa viridula, in com- 
parison with an analysis of a mixed hay. In that analysis 
the proteids are given as 8.91 per cent. Wesee that it is 
richer also in this constituent than our native hays, which 
are in great demand at all times. Not only is the amount 
of the proteids larger in the Stipa, but their co-efficient of 
digestibility is also higher, being 64.71. It would have been 
_ interesting to have studied the Stipa hay still further to see 
if we could solve the question why this grass is not eaten, 
but we were compelled to drop the comparative study at 
this point, and all that we are justified in stating is that, in 
spite of the fact that cattle do not eat it, it has, according to 
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analysis, the composition of a good fodder, better in some 
respects than mixed hay, and that the co-efficient of diges- 
tion for its protetds is higher than that of our native hay, 
which is considered a very desirable one. | 

The native hay yields, when analyzed according to our 
method, exceedingly different results from the leguminous 
hays. ; 

While the following analysis may not be so exact as 
one might wish, it is not far from the truth, and shows that 
there isa very great difference between the two classes of 
hay—hay made from leguminous plants and hay made from 
the grasses. Subsequent investigation may, it 1s true, mod- 
ify these results somewhat, but we think that this difference 
exists and that it is fully as great as appears from the re- 
sults of our analysis. I know of no analysis of hay made in 
a similar manner; a single determination of sugar—sucrose 
—in a sample of timothy hay, by Professor Stone, is all that 
Ican find. He gives the sugar in his sample of timothy hay 
as 2.53 per cent. | 

ANALYSIS OF UPLAND HAY. 


Per cent. 
bvertisugar i'\:.....200 kee eo eee eae 0.00 
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Soluble in alcohol, sugar, etc., deducted ( p< 
Soluble in water, dextrine,etc., deducted | 9-75 
Not determined 


100.00 


The reaction of the original sample and also the crude 
ber prepared from it with phloroglucin is very much 
fainter than that given by the leguminous hays. I regret 
that we did not determine the total xylan by distillation, as 
that might have added something to our knowledge of the 
thirty-six per cent. which is missing. But the comparative 
faintness of the phloroglucin reaction indicates that the 


pentaglucoses are not present to the same extent as in the 
alfalfa and other leguminous hays. 

In the usual fodder analysis the two most striking 
points are the high percentages of crude fiber and nitrogen- 
free extract. In the second analysis the most remarkable 
percentages given are for the cellulose and those things 
embraced under the term “‘not determined,” which includes 
substances soluble in dilute acid and dilute alkali, but in- 
soluble in alcohol and water. The portion soluble in alcohol 
and water is low and a large portion of the 40.3 per cent. 
nitrogen-free extract is included in the 36 per cent. ‘‘not de- 
termined.” 

In order that the comparison of these analyses may be 
facilitated, we brine them together in the following table: 
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Soluble in alcohol, sugar, etc., dedutced.....-. 13.87 
29.59 28.35 25.84 19.75 
Soluble in water, dextrin, etc., deducted....... 11.88 

RAE ATCO ey toe IAN aiachcie cavern sae ete yee odiMiatals 7.21 5.86 5.87 6.03 3.05 
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Co-efficient of digestion for the proteids...... 79.15 76.43 84.71 81.61 45.77 


This shows the pea-vine hay to contain the largest per- 
centage of proteids, with the highest co-efficient of digestion, 
with the alfalfa next in both respects. The pea-vine hay has 
the lowest percentage of cellulose and the upland hay the 
highest ; in this respect the pea-vine and clover hays stand 
quite apart from both the alfalfa and upland hays. The 


sugars and starch, which we have tor the most part under- 
stood by carbohydrates, are present in small quantities. The 
sample showing starch to be present in the largest quantity 
contained some mature seeds, which contain from 48 to 50 
per cent. of starch. The sugar found in the same sample 
may be correct, but I think it admits of a doubt. 


CONCLUSIONS. 


First—That the composition of alfalfa hay grown under 
the same climatic conditions does not vary from year to 
year, more than samples of the same year, which is within 
fairly narrow limits. 

Second.—That climatic or seasonal differences do affect 
the composition of the hay. This, however, affects the dif- 
ferent cuttings of the same year, rather than the crops for a 
whole year, but this effect is comparatively small and ex- 
presses itself most pronouncedly in the percentage of crude 
fiber. 


Third.—Vhat the amount of the proteids in alfalfa hay 
does not decrease with, but rather increases, with age, if the 
hay is kept in a close mow. 


Fourth.—That the changes in the hay probably affect the 
amount and character of the nitrogen-free extract. 


Fifth.—TVhat the proteids of the different cuttings are 
about equally digestible, as determined by means of pepsin- 
hydrochloric acid. There is, however, a slight difference in 
favor of the hay cut when the plants were in full bloom. 


Szexth.—The digestibility of the proteids does not vary 


materially from year to year, nor is it affected by the age of 
the hay, if well kept. 


_ Seventh.—TVhat the lignocelluloses in alfalfa increase 
with the age of the plant, but there are exceptions which 
can not be justly attributed to methods of determination. 

Fighth—TVhat the presence and amount of sugar,starch, 
etc. depend upon the development of the plant at the time 
of cutting, and is at all times comparatively small. 


Nenth.—Vhat the lignocellulosés are more abundant in 
the leguminous hays than in those made from our native 


praises. but that the cellulose is much more abundant in the 
atter. 


oo) Lenth——-That:the soluble portion of leguminous hay, 
is greater than that of the little hay made from the grasses 
which accounts for their susceptibility to weathering 
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The barley plant is not properly appreciated in Colo- 
rado. There are but about 15,000 acres grown in the 
State, and they are credited with producing, in 1896, 
450,000 bushels or 21,600,000 pounds of barley, an aver-- 
age of 30 bushels or 1,440 pounds per acre. 

This yield compares well in value with the returns: 
made by wheat the same year. There is quite a general 
belief that barley does not do well in Cclorado, and this 
deters many from giving it a fair trial. Barley has beem 
grown on the College Farm for many years, and all of the: 
common varieties have been tested for longer or shorter~ 
periods. The yields have always been satisfactory, and! 
during the later years have been highly successful-. 
When these results are considered in connection with the- 
fact that the College farm is by nature, both in the lay of 
the land and the character of the soil, below the average,. 
it is fair to presume that, if properly handled, barley will: 
give bounteous yields on other farms of the State. 
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One of the commonest mistakes in raising barley, is 
not to give it water enough. Barley will grow and make 
a crop on a small amount of water. Even at Fort Collins, 
which is in the arid region, a crop of barley can be 
raised one year in three, without irrigation. Because of 
these facts, farmers are inclined to slight the crop, and 
when water is short, give it to the other crops. Another 
peculiarity of barley is, that it does not show to the eye 
the need of water, until it. has suffered beyond redemp- 
tion. When barley grows with a shortage of water, it re- 
tains its natural color, but fails to grow long straws and 
stools but little. It throws all its strength into form- 
ing the heads, and these begin to show at scarcely eight 
inches above the ground. Water applied at this stage, 
will carry these heads on to ripeness, but will not pro- 
duce much more growth of straw, no more stooling, and 
the heads will have but few kernels. 

Barley prefers an open, warm soil, tending to clay 
yather than sand, with good drainage and not much 
alkali. It does better on rich land, and thrives well on 
land the first year after treating with stable manure. 
But, of course, in this latter case, it requires much more 
care in the irrigating and considerably more water. 
‘When well fed and watered, the growth is enormous and 
the probability is, that some of it will lodge. Our experi- 
ence on the College Farm is, that lodging does but little 
damage. ‘The heaviest yields we have ever secured have 
been from fields that were badly lodged. One in particu- 
lar, lodged quite badly and went down flat. But the last 
few inches of the stalk turned up enough to keep the 
head off of the ground, and, though hard to cut and bind, 
the grains were plump, well filled out, and the yield 
enormous. 

The treatment of the subject of barley in the follow- 
ing pages will be from the standpoint of the feeder. Col- 
orado can grow first-class malting barley, can obtain as 
many bushels per acre as Iowa or any other of the barley 
growing states, and usually hasdry weather at the time 
of barley harvest, so that the crop is secured without 
discoloration and in the best condition for use. There is 
a moderate local demand for malting barley, and, up to 


the point where this demand is supplied, barley is a more 
profitable crop than wheat, 
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There is, however, almost an unlimited demand for 
barley as a stock feed, to take the place of part of the 
corn that is now imported from Kansas and Nebraska. 

It is with reference to its growth for this purpose, 
and the methods and results of feeding it to stock, that 
the remainder of this bulletin will be devoted. 
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VARIETIES. 


The barleys can be separated into two classes: the 
common hulled varieties and the hulless, or naked 
varieties. These latter are often called “bald barley.” 
The common hulled varieties are well known everywhere. 
The hulless varieties have no beards; they lose the hull 
in threshing, the same as wheat, and the cleaned grain 
closely resembles wheat; but the sides are more rounded 
and the upper end more pointed. 

The common barleys can be divided into malting and 
non-malting, while the principal varieties of the hulless 
are the black and white. 

The hulless barleys are not much raised in Colorado, 
but within the past few years, one variety known as the 
“Success” barley, has gained a good reputation as a. 
profitable crop in the foothills and mountain parks from 
7,000 to 8,500 feet altitude. At 7,000 it matures a crop 
of grain. Up to 8,500 feet it will make a heavy crop of 
hay, if cut just after blossoming, that takes the place of 
both hay and grain. Many teams do heavy work, in 
lumberirg all winter long, with nothing to eat but this 
barley hay. 

On the plains, under irrigation, some varieties of the 
common barley give so much larger yields than the 
hulless that the latter is not much grown. It is probable 
that even there the hulless barley could be grown at a 
profit, mixed with oats as a stock food. When sown 
together at the rate of thirty pounds of hulless barley 
and seventy-five pounds of oats per acre, the barley 
seems at first the leading crop. It shoots up above the 
oats, soon heads out and has the appearance of a_ barley 
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-crop. The heads ripen and turn downward, while the 
straw remains upright. Later the oats shoot far above 
‘the barley and make a crop that is apparently not 
lessened by the presence of the barley. The double crop 
is harvested when the oats are fully matured. A large 
field grown to hulless barley in 1893 and sown to oats in 
1894 without additional seeding of barley, yielded 48 
bushels per acre of the mixed grain, weighing 47 pounds 
yper bushel or 2,256 pounds of grain per acre. Treated in 
ithis way, some of the barley shells out and reseeds the 
round. These grains live over winter, and, if the land 
as to be kept in oats for several years in succession, once 
seeding with barley is sufficient. On account of this fact, 
wheat should never be grown after hulless barley, if it is 
expected to use the wheat for flour. Hulless barley can 
be gotten rid of by planting the land to a hoed crop or 
to alfalfa. The seeds of hulless barley are so heavy that 
they do not spread in ditch water as do those of wild oats. 
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TESTS OF VARIETIES. 


ae 


TESTS OF 1887. 


Small plots, hand-planted, selected seed, in drills 22 
inches apart, four pounds of seed per acre. 


Name of Variety. ea. ie piel oF Roney os 
one nae) 

Smooth sHublesss <: 22: - is. 25-5. s+ 84 30 114 
Wanneper Nos 15-2-.--<-2-2.- 52-2. 83 35 114 . 
‘Winnepeg No. 2-2---2-2---2-.-25: 80 35 128 
News Zealand oe coe ae ee 82 35 121 
Chey alien 54 oes see cee es Sec oes 84 55 112 
Zealand --..---..----2--b---=------ 8 47%, 112 
Winter 6-rowed-.-..-.------------ 73 62% 126 
Purple ---...-.-----.2.-.-2------.- 72 37% 116 
Melon ---..-02--:----2-----2----2- 99 40 117 
Bets Norte. 22-04. k eek ve 76 474 1146 
Driumph'----..---- 2.4 ---.-) 2.2. 67 474% 116 
India..-.-.----------------.----=--- 88 41% 116 
CUNT he OR re iasee oe eeE Sore 93 50 117 
Scotch Amat -...----.------------ 93 35 116 
I3GWG ae oR See one se snes | 96 60 116 
alectin ove abescelaria: La15 Jatacaatn = 71 37% 117 
Amat--......-.-2..-2------------+- 93 35 127 
Guy Malye-..--....,.----.------- 82 41% 116 
IMANCHUTIANY- sere ae so2  aoJssn-—- 66 81% 
LBS ke 5 Pe ae ene 79 50 
Spring 4-rowed -.-..-.--.--.------ 15 Ai Y, 
J Tb BSS See aes eae eee 93 41% 
Nepaul --.-----------22----5+----2 79 47% 
Winter ATOW OG aciownaceetncsdeeas 16 47Y%, 
Pcp nistee tesena noes eciomnis a= ae 17 41% 
Sibley’s Improved.-.--------------- 718 55 
DEAHSWUTY = << -25 </s02-4<c-a- see aan 72 50 
Adams’s Heavy--~+----sts+--*.0+- 94 55 
Siplevis) Poarl. 1.22.22 bel. cases! 920 21% 
PiblevsOPurple <i ac. ate scans sae, 95 50 


TWATISRONG a ceigieccntn cccckewussee 16 35 
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TESTS OF 1888. 


Small plots, selected seeds, 7 pounds per acre, hand 
planted in drills 13 inches apart. 


Per cent of) Yield of | Yield of |Number of 


Name of Variety. seed grain per | strawper| days 
germinat- | acre in acre in ripening. 
ing. bushels, pounds. 


Smooth Hulless-.--.--------------- 90 25 720 89 
Winnipeg No. 1-.------------------ 94 18.3 1040 89 
Winnipeg No. 2-..-..------------- 90 21.7 96 90 
New Zealand--.--.--------------- 97 28.3 880 89 
GHGV AION = oa doce on ance sess manne 90 25 1360 94 
VASA EASY: lhe SE Sa See et ery 94 31.7 880 90 
WiInteriG-TOWeUs p2-n<<'- «s<- 6 aSeee 92 18.8 640 97 
PAE DLOle rt doko cope ls a-ute J erintanee 84 33.3 800 90 
IMOIONM ton semencpee soars «awe = eee 100 19 1120 92 
ID AMEINGULOs seemea ste a2 5 one nase Seen 94 33.3 1760 90 
BR PMITE DY ceca se moe toa oho s ad maa sa 81 33.3 120 92 
PRGIA DIN One we rere ss o-(clenn amis ne oe 92 28.3 1280 92 
UOT ye ge ee al 33.3 1200 90 
Scotch Amat=-- 222.0022. - 2 ees 97 33.3 912 90 
TERRY ele ee es at 95 33.3 1040 90 
IPRIORUING ses ote cekews othe Sena 91 26.6 1200 92 
ATI A DO per sme eee areca is aoae ae 93 31.7 896 92 
Guy Malveme cesses lest oncs Soee 94 36.6 960 90 
ManGhUPiaNn scesvecise sess oes ao =e 96 18.5 800 90 
Wi Ck Sige 2 sees seoe ean cen Secs an 97 33.3 1280 90 
Spring 4-rowed--..-.-.-------- 92 19 1360 90 
NPG eats cae ees coe 90 28.3 1120 92 
Nepal tote tes eee ec an 83 26.6 104 90 
Winter 4-rowed cic) eee 95 18.6 904 90 
(POONER: 6 8. Ss woh och ey ee eens 94 18.3 960 92 
Sibley’s Improved.-........-._._- 91 18.5 1280 90 
Mrmnphraryaese: ct sewn oa ee 96 18.8 104 | 90 
Adamss ;Heaviyou---- 2. niece ae 95 Sink 1040 92 
Sibley’s Pearl -...----..2.- 2222-0. 98 35 1520 92 
Sibley’s Purple..-....-......._._. 94 18.6 880 97 
Wy SU Giree ce neem the eee CS 94 18.38 1440 107 
BOMB Veun, Sec nsult coue yy eae 94 PAKS 8&8 90 
OOCDE true encci tee. tu Lea anak 79 28.3 912 100 
PGNIZGTStGi chee so Ue eee 84 2.3 880 112 
es 
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Lo TESTS) OF 1889. 


. San Luis Valley Sub-Station. 


Small plots, 50 pounds of seed per acre, in drills six 
inches apart, sown with a hand drill. 


Length of Yield of . 
Name of Variety. straw Date of Nemes grain per | 
in ripening. | 0. acre in 
inches. pening. | bushels. 
laksa Te Ue one ewe ee wise 22 August 22 114 16.3 
15 WWM (ISS epee le Rg 20 getty 47) 114 10.2 
LOSES A eh ene ar ap ee 22 Avy 099. 114 14.9 
Melon Fone ee ness is cae neeeas Ss hee 23 +s 30 122 21.1 
(BROONEX Sa ceaeyoee-ae ee Naas doce ate: 21 el ee 114 14.6 


Arkansas Valley Sub-Station. 


Small plots, 26 pounds of seed per acre, in drills 18 
inches apart, sown with hand drill. 


\ 


F Number of days Yield of grain per acre 
Name of Variety. bincninel in ‘Dasha 
Blache setae nce eee ate ci saa 91 16.2 
13 (oll es eee Oe ee ene eee ers 91 15.7 
Molo =-sesn t= s anion ease — tenemos 91 18.5 
IP hOp nite oa rdon shee san wecite saan 91 14.8 


a 
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TESTS OF 1890. 


Drilled. 


Small plots, 5 pounds of seed per acre, in drills 18 
inches apart, sown with a hand drill. Sown March 28. 


Name of Variety. partied tnoheas fron aes eet 
Smooth Hulless------ -- pea e ne | July 22 34 38.5 
WWD T DOS os as fete secre ssn == oane% ey 32 a 37 
Winter 6-rowed -.--------------+-- B25 28 30.1 
BRUNA Ole Anite fe ae nese ro tel 35 41 
OSPR EUS Ce) SE Sop Se NP ote ned: 31 55.6 
iIGkis ger estasae eos oka soca en 37 30.1 
Borilovie-- nas e-—4- 25028 ao = tis 7 35 38.1 
CAIUS he Spel eR ies Sa 2 95 32 21 
MOM RHOWMN ahs. a. seen eto oe cin as or 26 32 21.6 
AI SOTIAM NOs te serene sccst eae 29.et 22.6 
AN POTIBNMUNG anes eno Secon 7 se == SPAN 2 24 13.1 
ANPOMAN WING: sod 2 eee ono essen S ee 5| 30 33.1 


Hand Planted. 


Small plots, one seed each six inches, in drills 18 


inches apart or about 5 pounds of seed per acre. Sown 
March 28. 


ee 


Name of Variety. Date of Height in Yield of grain 
cutting. inches per acre in bu. 
Smooth Hulless.:--2...2.......-. July 24 31 32.6 
WAR WI DOR seek Ske a ree ea i3) 29 31.1 
Winter, G-rowed.:--s-coec8a oes 23 27.6 
(Piel at cee eee ah ce ee ee SIO 31 26.1 
Guys Malyece.sc.2:-~... 25 esuse te aa) 31 29.5 
BAO MSM is Saenes os aocus se saec ese ea De 35 25.6 
Werk visenede Mie ck Fol ise sy te 28 34 17.1 
UinknO Wile wee sesiase ns oh acadceeas ne 32 19.1 
HIKNOWD Ceew ude. ce cctetawadacto ap Os 32 20.1 
AIRGHENONG: beset to tenooeese nace AR 28 22.6 
Plgerian NG 2. meres ecenene oo SOR 24 23.1 
Algerian: NGS ceccce conan. sateccs Se 26 29 30.1 


\ 
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Arkansas Valley Sub-Station. 
Small plots, 26 pounds of seed per acre, in drills 18 
inches apart, sown with hand drill. Sown April 22. 


: Number of days Yield of grain per acre 
Name of Variety. ripening. in bushels. 
BIS Ck ees ate pee teas ae eo ea 84 | 31.4 
PEMUUesg meee Soke oe es wae Jes 84 30.3 
Wek G nite tac So = ees ee eh 84 30.1 
Neen Exess soe ee eo oe 84 2425 


TESTS OF 1891. 


Field plots, 90 pounds of seed per acre, sown with 
machine drill. Sown April 27. 


Name of Variety. pee, Dirnideetis Pele ree ae. 
PALL POSEN ot oe srs Soca ca as somceck July 22 86 42 
Ive MB lye. .c cnt Seats se eeepecse ese ‘Sec: 84 54 
TEEUGCR SN SYS pe eee eee ome rer ioeeie ae boelved 89 40.5 
5 Yo) ee) os ee ee er eens Sa eee “98 92 44 
Smootngrulless 2 - oe a. 322-3 comes 92 41.8 
Winnipeg No. 1------------------- etal 85 44.5 
ENV PEG SC ak ON ( OS a a ae ee i 80 97 57.5 


TESTS OF 1892. 


Field plots, 90 pounds of seed per acre, sown with 
machine drill. 


Name of Variety, borden eee ee 
Tina) cet Ae ee nee Pa beaet July 28 20 
Gury Malye-c55 2: <-22 +a nas a dea ele eran) 30 
mmooth Hulless. 5... .\s<s-26=7-6 ws August 2 25 
LOT LY Ste, Cea eae Pee ¢ fete Sere Xe 8 30 
Siaicoth Hulless._--.</-02-5- 22-2 Of 2 40 
WNT DER iets we nates .Sccscis ws dss cs 8 33.3 
SOMONE TE Vara s peas be sinieield dict aie ae ve 2 9.5 


ee 


ie 
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San Luis Valley Sub-Station. 


Planting the same as above. 


Guige NMalver sete cat eek August 1 24.2 
PO i Sye settee ce et Sean see oe pees? 28 
@loptine 2 Co eset a tara tana pian) 28 
BONOTAI sapere eaeron tee Uae ng September 10 11 


TESTS OF 1893. 


Field plots, 90 pounds of seed per acre, sown with 
machine drill. 


F Date of Date of Yield of grain 

Name of Variety. | planting. harvesting. |per acre in bu, 
aU y a tye ee oe 8 ee May 15 August 8 24 
Sactosspisaen seein fe Berit | rs} 21 


TESTS OF 1894. 


Field plots, 90 pounds of seed per acre, sown with 
machine drill. 


Name of Variety. | sega Sap oat ye ngre 
Chempion: 05): Peas eee 51 
WNopatly -.c..02-c) ae ee 27 
DIAG vice ce IS 2 ce Se ee 24 
Mansburyiceveccoss=. ok ot wut aoe eee 34 
New, Zenlandbtsc. 22 5. e sect os 51 
SOMMILORNIG cese tan cUke teen sree ae 50 
TU US CN oe Hat ik ee eo 23 
Uelepte Petite: 27) 2r. 2s eer 23 


BARLEY nS as 


| TESTS OF 1895. 


Field plots, 90 pounds of seed per acre sown with 


machine drill. i 
: Date of Date of Yield of grain 

Name of Variety. planting. harvesting. | per acre in bu. 
ING WAICaNG nae seu a LY April 3 July 31 22.5 
Mba Cletses Sacer ckeet toes eu stee. ele Peete rey es 25.6 
‘California (Volunteer) -..-------- August 1 49 
ROMEREOTMP A eo oon Set ON ea ai ' cee anon 83 
hove ero p lise su hoe CRS 79 


TESTS OF 1896. 


Field plots, 90 pounds of seed per acre, sown with 
machine drill. 


Date of Date of Yield of grain 
Name of Variety. | planting. harvesting. | per acre in bu. 
(Coa Wtigors ay See Sa aseoe caer ee eeeeae | April 7 | July 21 | 33.8 


From the above records it wil! be seen that many 
varieties of barley have beén grown on the College Farm 
and Sub-Stations for several years. For the past three 
years, a large number of varieties of foreign barleys have 
been grown on small plats, but as none of them have 
seemed to be an improvement on the kinds usually grown, 
their records are not here given. 

Without going into any extended discussion of the 
merits of the different varieties, it may be said in general, 
that the white varieties of hulless barley have usually 
produced better than the black or purple, though some 
individual yields of small plats of the purple have been 
yery high. It should be remembered in comparing the 
yields of the common and the hulless barleys, that the 
latter weighs fully sixty pounds to the bushel, and hence 
represents a quarter more value per bushel than the 
hulled varieties. 


Among malting varieties the Chevalier has given by 
far the best results. It is, however, to the results ob- 
tained with common barley for feeding purposes that 
special attention is desired. The California has given 
the largest yields and we have finally settled on it as 
being the best for raising for sheep feeding. This 
variety has been tested at the Home Station at Fort 
Collins, and at the Sub-Stations at Cheyenne Wells, 
Rocky Ford, and Monte Vista. At Cheyenne Wells it 
was the only cereal that withstood the severe drouth of 
1895. At Rocky Ford it produced 200 bushels from a 
field of five acres, in spite of a hard hailstorm, while even | 
at the high altitude of the San Luis Valley, at Monte 
Vista, it produced 38 bushels per acre on a large field. 

Its record at Fort Collins has already been given. 
In 1896, with but one light irrigation, it yielded 33.8 
bushels per acre. In 1894, the yield was 50 bushels per 
acre with a fair season, and not much shortage of water. 
The banner year was 1895. That season the barley was 
put on a piece of bottom land that had been drained and 
cultivated for several years until it showed signs of 
impoverishment. It was covered with a very heavy coat 
of stable manure during the winter. of 1893-4. The 
summer of 1894, it was planted to corn and in 1895 to 
barley. The growth of straw was enormous and the 
heading out perfect. Although lodged flat by a hard 
wind, it ripened its crop. From this field of about three 
acres, there were gathered by the self-binder, 83 bushels 
per acre, of well cleaned, solid grain. A few days later 
when the straw had somewhat straightened, it was cut 
close to. the ground with a mower, and produced two 
large loads of straw that was thrown to the hogs, and 
contained grain enough to give them full feed for about 
three weeks. A heavy crop of volunteer barley showed 
that much had shattered out in addition to the enormous 
quantity gathered. 

The same year this variety was sown on more than 
twenty farms between Fort Collins and Greeley. The 
results were uniformly satisfactory, the yields ranging 
from 50 to 80 bushels to the acre. 
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-BEBDING VALUE OF BARLEY. 


The value of any material as a food can be tested in 
two ways: first, by submitting it to chemical analysis to 
ascertain the amount of food constituents it contains; 
second, by feeding it to stock and noting the results. 
Our study of barley includes both of these methods. 

The method by chemical analysis is the easier and 
quicker, but it is not certain yet that we know how to 
interpret the figures obtained by the analysis. The work 
has been confined to two representative varieties: the Cal- 
ifornia as the best of the non-malting common ‘barleys, 
and the Smooth Hulless as representing the bald barleys. 
For the remainder of this bulletin the terms “common 
barley” and “bald barley” will be understood as referring 
to these varieties. Both kinds were analyzed and the 
analyses are given herewith, in comparison with those of 
corn, wheat, oats, and bran, since these are the feeds 
with which barley comes most in competition. The 
analyses are of the material in the air dry condition in 
which it is usually fed. 


Water} Ash a de Fat ie rede 
| 

Common Barley*-.---- 10.09 | 1.87 8.66 2.47 | 73.82 3.09 
Bald Barloy#.2.=-.--- 9.44 | 3.341 18.21 2.69 | 68.55 2.77 
Miheate ees cou M. 2 10.52 | 1.83 | 11.87 2.09 | 71.90 1.79 
GaSe cecae 10.56 | 1.53 | 10.25 5.02 | 70.40 2.24 
(Jet een ly eae eae 10.98 | 2.98 | 11.80 4.96 59,74 9.54 
Pens. lee 11.91 | 5.78 | 15.42 4.03 53.87 8.99 
Common Barleyt----- 10.80 | 2.44 10.69 2.13 69.89 4.05 
Bald Barleyt------ -...} 10.00 |-2.44 | 11.97 2.50 70.08 2.83 


*Used in the feeding experiments. 
+Average composition as given in the reports of the United States Depart- 


ment of Agriculture. 
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The preceding figures show the amount of each 
‘material contained ina hundred pounds of the grain. 


Some of this is digestible and useful to the animal. 
Much of it is indigestible and worthless. 

The next table gives the per cent. of each of these 
that is commonly considered as digestible. 


itr 
Grade |. Mat | | Bes Gane 
Common Barley ------ ------------ 75 74 90 84 
Wheat -...-------.------- --+---+--- 71 84 93 25 
Gora so.22 eel adh teed 2 sae 72 74 93 37 
Oats. Lass —tonee = ethene s ewne eee - ass 81 82 73 23 
Bran -:-2--<-+-- «-------++/---<-=-- 79 71 73 25 


No figures are given in the above for bald barley. 
So far as the present writer is aware, no digestion ex- 
periments have been made with this grain. From its 
nature, it is fair to presume that it would be about as 
digestible as wheat, and the figures for wheat have been 
used in making‘the calculations of the following table. 


Digestible re Wieoeoe” Di dai D Total 

Protein, Fat Free iber. psa 

Extract. x 
Common Barley*----- 6.50 1.85 66.44 1.03 75.82 
Bald Barley*.....-.--- 9.38 2.24 63.70 0.69 76.01 
Wiheagesesni ee a ee 8.43 1.76 66.87 0.45 77.51 
Corn 2-5-- = 22 Rene 7.38 3.71 65.47 0.83 17.39 
Oates eatin a 9.56 4.08 43.61 2.19 59.44 
(Bran so-ee saps. | deed 2.86 39.32 2.25 56.61 
Common Barleyt----- 8.02 1.58 62.90 1.38 73.88 
Haid. Barley} ------.-- 8.50 2.10 65.17 0.71 76.48 

*Used in the feeding experiments. tAverage composition. 


This last table is obtained by combining the other 
two. Thus the first table gives a hundred pounds of 
common barley as containing 8.66 pounds of crude 
protein; the second table says that 75 per cent. of this is 


digestible. Hence 100 pounds of common barley contain 
6.50 pounds of digestible protein. 
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in the tabies given above the figures 75 and 71 were 


used to represent the per cent. of digestibility of the © 


protein in the common and bald barleys. The Chemist 
of the Station who made the analyses of the barley 
already given, also made a special test of artificial 
digestion on both the barleys by the method already 
published in Bulletin No. 89, of this Station. The re- 
sults are 77 per cent. for the common barley, and 75 per 
cent. for the bald barley. . 

Among feeding materials of the same _ general 
character, it is believed that the total digestible material 
offers a pretty fair measure of their comparative feeding 
value. From this standpoint it will be seen that barley 
belongs to the more highly concentrated and digestible 
grains, like wheat and corn, rather than the lighter feeds, 
oats and bran. 

There is no great difference in the chemical composi- 
tion or the digestibility of wheat, corn, and barley. 
Judged from the standpoint of the chemist, they -have 
almost exactly the same feeding value. 


FEEDING TESTS WITH BARLEY. 


Barley has been fed experimentally on the College 
Farm to steers, sheep, and pigs. Most of the tests have 
been with the common barley, but during 1896-97 the 
bald barley was extensively fed. The tests were de- 
signed to answer the following questions:— 

1. How does common barley compare as a_ stock 
food, with wheat and corn? 

9. Is it better to feed barley alone or with corn? 

3. How does bald barley compare in feeding value 
with common barley and with corn? 

4, Is anything gained by grinding either common 
or bald barley for feeding to stock? 

The tests cover a period of three years and _ will first 


be given separately for each class of animals, and then a. 


summary presented of the results 


. 
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FEEDING TESTS WITH PIGS. 


First Test. Fall Pigs of 1894. 


There were eleven pigs in the test. Six pigs were 
put in a large pen and fed ground common barley. The 
other five were put in a similar pen and fed whole corn. 
The pens were not fed the same amount of grain, but 
each was fed all that would be eaten up clean. 


Average Average Grain 


. : Average Grain 
F Weight at} Weight ati eaten for 
Feed. clan a Gain in | eaten per 
Beginning| at End . . each pound 
of Test. of Test. Weight. 1g. of Growth. 
jth (Ry Vea eee epee 152 240 88 481 5.4 
Chon peset oaths ce =e denp 159 235 7 430 5.6 


The results are slightly in favor of barley. The 
pigs getting barley, eat more grain and grow faster and 
require a trifle less grain to produce a pound of growth. 


Second Test With Pigs. Spring Pigs of 1895. 


A repetition of the preceding test with the same 
number of pigs, divided and fed in the same manner, 


but the pigs are smaller and younger at the beginning of 
the test. 


Average Average . Grai 
ead Weight at Weight at Average Grain saboner 
: Resnnin End of Gain in eaten per 
fg g nd o Weicht P each pound 
of Test. Test. Bribe 1g. of Growth. 
iBarleye se ese Pea 89 194 105 452 4.3 
ORE ie ee ER ge raa eg 101 214 113 480 4.3 


The results of the second test are just the reverse 
of the first, i.e. the pigs getting corn eat a little more 
grain per head and grow a little faster—just fast enough 
to balance the extra grain; so that the same amount of 
grain is eaten by each lot per pound of growth. Com- 
bining the figures of the two tests there is a substantial 
equivalence of the results, the pigs eating the same 
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amount, growing at the same rate, and eating the same 
quantity of grain for each pound of growth. Thus, 
under the conditions of these experiments, barley and 
corn have shown equal feeding value. 

One noteworthy feature of the two tests is, the 
smaller amount of grain the younger pigs required to 
make a pound of growth as compared with the other 
pigs. This difference would amount to half a centa 
pound in the cost of raising the pork. 


Third Test with Pigs. Winter of 1896-97. 


From November, 1896, to April, 1897, an extensive 
series of feeding tests was made with forty-four pigs 
divided into nine groups. The rate of growth, as will be 
seen from the results, is rather small and is due to the 
fact that the feeding was done in an open shed where the 
temperature was below freezing most of the time, and 
often below zero. As the conditions were the same for 
all the pigs, this does not affect. the reliability of the 
comparisons and conclusions. 

The feeds tested were corn, bald barley, and common 
barley, each fed whole and also ground; each fed with 
and without skimmilk. Hach test was continued for 
about six weeks. There were several re-arrangements of 
the pigs, so as to make the conditions of each comparison 
as nearly equal as possible. 
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FEEDING RECORDS. WINTER OF 1896-’97,. 


WHOLE CORN. 


— 


Q 

© p> > Average Food per lb. 

FA Re ee tee =3 Daily Feed. of Growth. 

m |B |ews|) gs | oS | og 

g oi Bo | Sx =e 5 og 

e | ¢ | eba| Sa) &% | So | @rain| Skim | Grain | Ski 
° iQ i im- rain im- 

Ban elt ae ae | eS | Be le ae milk 
e me} oe is Bea, lbs. qts. lbs. qts. 
Q o + 

1 5 25 30 5 0.10 1.2 11.8 

2 76 86 10 0.27 1.8 6.8 

3 5 77 91 14 0.33 2.2 6.7 

4 5 117 125 8 0.27 2.9 10.7 

GROUND CORN. 

1 5 32 44 12 0.24 1:8 6.6 

3 4 76 90 14 0.33 aed 8 

4 5 92 104 12 0.40 2.9 7.3 

WHOLE CORN AND SKIMMILK. 
2 | 5 46 77 31 0.84 1.8 3 2.1 3.5 
3 | 5 86 | 119 23): 0:Bb: | 2 8k 1.0.e aa ees 
GROUND CORN AND SKIMMILK. 
2 4 42 76 34 0.92 1.8 3 2 308 
4 5 37 84 27° | 0.905) “2.72 3 2 
WHOLE BALD BARLEY. 

1 5 30 46 16 0.32 1.6 5.6 

1 5 68 93 25 0.50 2.2 4.4 

2 4 106 116 10 0.27 1.8 6.8 

2 5 59 73 14 0.40 1.8 4.8 

4 4 186 199 13 0.43 47 8.5 

GROUND BALD BARLEY. 

1 5 3L 50 19 0.38 1.6 4.3 

2 4 63 85 22 0.60 1-8 3.1 

4 5 92 | 110 18 4.9 


0.60 2.9 


ee 
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21 
z o> > Dp Average Food per lb. 
a 5 #3 ¥ 3 ne ES Daily Feed. of Growth. 
a x oFs | as 5 9 é 
2 | 8 | oss /sce | Se | 28 
2 © |SEs/ 88a] &° | Sy | Grain | Skim-| Grain | Skim- 
te rag’) oO 2.5 < . Z 
= "oe e, a6 Res milk milk 
e ag a = Ee lbs. qts. lbs. ats, 
Dn oy ct 5 
WHOLE BALD BARLEY AND SKIMMILK. 
1 4 70 1381 61 1.22 2.3 6.0 1.8 5.0 
3 4 116 150 34 0.80. 2.6 2.4 3.5 3.0 
3 5 73 101 28 0.67 2.3 1.2 3.4 2.2 
GROUND BALD BARLEY AND SKIMMILK, 

3 3 70 116 46 1.10 2.8 2.0 2.6 2.0 
4 Fi 77 107 30.-| 1.00 |. 2.9 | 20 3.0 2.0 
WHOLE COMMON BARLEY. 

1 5 30 44 14 0.28 1.6 5.7 

3 5 63 75 12 0.29 2.3 7.8 

4 4 144 162 18 0.60 3.6 6.0 

GROUND COMMON BARLEY, 

J 5 27 40 13 0.26 1.6 6.2 

3 5 65 82 17 1.40 2.3 5.6 
WHOLE COMMON BARLEY AND SKIMMILK. 

2 5 30 63 28 0.76 | 7 | 2.1 | 22 | 2.8 
GROUND COMMON BARLEY AND SKIMMILK. 

2 5 37 65 28 0.76 L7 2.1 | 2.2 2.8 
4 3 59 100 41 1.37 4.2 2.3 31 Lt 
GROUND COMMON BARLEY AND GROUND CORN. 

1 5 26 39 13 0.26 1.6 6.1 

2 5 44 51 10 0.24 ag, 6.1 
GROUND COMMON BARLEY, GROUND CORN AND SKIMMILK. 

3 5 51 88 37 0.90 2.3 1.9 2.6 2.1 

4 5 83 133 50 1.67 2.9 2.0 2.9 2.0 
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Average Results of the Different Feeds. 


Average Food per pound 


Fi be 

5 a ls Daily Feed. of Growth. 

F |ows | BY aS 

2 | Gas Os 

5° = o * shee 

ute 5S 208 ) Grain pani Grai Satie 

g . Bis 5 lbs. ats. lbs. ats. 

a — 

- ot abe 
WiholeiCormes:-..-2--22.5- 6 71 0.39 2.0 0,7 7.0 1.1 
Ground Corn-------------- 5 60 0.46 24 1.0 5.4 ali 
Whole Bald Barley------- 8 88 0.58 2.3 1,2 5.0 1.3 
Ground Bald Barley------ 4) 67 0.74 2.4 0.8 3.6 0.8 
Whole Common Barley---| 4 68 0.49 2:3 0.5 5.4 0.7 
Ground Common Barley-- 4 47 0.78 2.4 oleae 4,3 sls 
Ground Corn and Barley-| 4 50 0.77 2.1 1.0 4.1 0.8 


es 


VALUE OF GRINDING GRAIN FOR PIGS. 


The preceding tests offer thirteen comparisons of 
whole and ground grain. In almost every case, the 
ground grain has given decidedly better results than the 
unground. This is most noticeable in the case of corn. 
The little pigs weighing only 25 pounds each, made but 

small headway eating whole corn, and gained but the 
tenth of a pound per day per head. The older pigs had 
no trouble in masticating the grain, but their growth is 
still somewhat slower than those fed on ground grain, 
and requires more food to produce a pound of growth. 

Ground bald barley made a better growth than the 
unground. To one who watched the experiment, the 
wonder is that the results are not still more in favor of 
the ground grain. Bald barley is smooth and very hard; 
harder than the hardest wheat. A large part of it when 
fed unground, passed through the alimentary canal whole 
and undigested. In the course of the day, these grains 
would be again and again eaten from the floor of the pen. 
It is possible that the same grain passed through a pig 
from three to five times. Each time some of the grains 
would be cracked and digested. The small difference in 
the results of the ground and unground, would seem to 
indicate that eventually most of the grain was digested, 
but the pigs ce*txinly earned all they ate. 


Ground vs. Whole Grain. 
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Zz R ' 

s oe Average Food per pound 

3 Seecele Daily Feed. of Growth. 

oa | aA : 

® ° We Eg 

A 9 0g <0 

= Be a ys Ski Ski 

Pr JQ A im- 1 . 1m- 

5 tee sks ae milk Grain milk 

a 0g 3 qis. qts. 
Whole Corn.----..-------- 6 638 1044 | 1.9 1.0 6.7 AC2 5 
Ground Corn.----.--.-..-- 6 62 0,52 2.4 0.8 5.8 0.9 

| 

Whole Bald Barley-_---..- 4 58 0.65 2.0 1.8 3.7 1.8 
Ground Bald: Barley.-..-. 4 60 0.77 733 1.0 3.2 1.0 
Whole Common Barley---| 3 43 0.44 1.9 0.7 5.2 0.9 
Ground Common Barley-| 3 43 0.47 1.9 0.7 47 ~ 0.9 


Average Results of Ground vs. Whole Grain. 


2 oa Average |Food per |b. 
Zz od g Daily Feed. | of Growth. 
gles | & 
S18 | © n n 
Ted) i md Oa oH Paha 
CA hee Ome tata Fy B 5 3 
re m oz io i= Re 
No aed | By a ee 5 
RON ease ale Yan} ~ = = = 
FoR) gi By z x 
: Bc B . z - es 
Average Whole Grain alone------------ 8] 59 | 0.28 1.9 74 
Average Ground Grain alone----------- Sie 66:20, Baim eueeees 8.1 
Average Whole Grain and Skimmilk---| 5 | 54 | 0.87 oA Yad ones ft uy et-FeS gaa 
Average Ground Grain and Skimmilk-} 5| 57 | 0.74 | 24] 22] 26] 24 
Average Whole Grain----.-------------- Sila. BRe ObB W208 2 Pebbles 
Average Ground Grain----------------- 13ST aOb9 ol 23.) O97 peal Sa 0.9. 
The gain for grinding is largest in the case of bald 
barley, and least with common barley. The gains 


i 


24 BARLEY 


amount to about one-half more in the case of bald barley, 
one-fifth more for corn, and about one-twelfth more for 
common barley. This means that two bushels of ground 
bald barley made as much gain in two weeks, as three 
bushels of whole bald barley did in three weeks. The 
grinding increased the rate of growth and decreased its 
cost. 

There is no doubt but that the increased returns for 
grinding the bald barley more than paid the cost of grind- 
ing. It is equally certain that grinding the common bar- — 
ley did not pay foritself. In the case of the corn, circum- 
stances would determine which was the more profitable. 
We bought this corn at fifty cents per hundred, with two 
cents per hundred added for grinding, the labor of haul- 
ing being the same in both cases. Then, if grinding 
added a fifth to its value, it would pay to have it ground. 
Had we raised this corn, it would have cost us five cents 
a hundred to get it ground, beside the labor of hauling 
from the farm to the mill and return. The addition of 
a fifth to its value, would not, under these conditions, 
pay for the labor and the expense. 


Whole Corn yersus Whole Bald Barley. 


tA 

= oo Average Food per pound 

3 Psi Daily Feed of Growth 

> “ 2 > 

® Om | m4 

3 mow ao 

° Leta as 

ls ‘ x 2 

3 eae 189| =e | o84| oe | oBR 

g Ba | + 25 | fee | 2 | SB 

ae a = re B 8 
WholeGorn 2 --e 5 66 0.30 1.9 0.4 7.3) 0.7 
Whole Bald Barley -...-.- 5 72 0.40 1.9 0.4 5.2 0.5 


The whole bald barley does better than the whole 
corn. Indeed, the whole corn did the poorest of any 
feed. The young pigs did not seem to be able to grind 
it easily, and as is well known, corn is largely lacking in 
the elements necessary to make bone and muscle. Bald 
barley is especially rich in both these ingredients. 
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Whole Corn versus Whole Common Barley. 


La \ 
> Average Food per pound 
= g per p 
5 Eas 9 Daily Feed. of Growth. 
SSO we Er . 
5 ae) a ee g 
Ce OB Ds m ™M 
4 a5 8 SP abel] =? lobe 
g E J : a = ee By ae E 2 eB 
n ot 
Wihtele:Cornicstss teeca5- ee 5; 68 0.36 2.0 0.6 7.6 0.7 
Whole Common Barley-.-| 5 67 0.44 2.3 0.4 6.0 0.6 


The whole common barley has given a quarter more 
growth per day than the whole corn and has produced 
this growth with a quarter less grain and a little less of 
the skimmilk. The differences in favor of the whole 
common barley are just about the same as those in favor 
of the whole bald barley. 


Whole Corn versus Ground Corn and Ground Common Barley. 


{ 
Average Avera 
A ge Average Food per lb. 
Weer oa anes at Daily Daily Feed of Growth, 
ests. | beginning | Gain. | Grainlbs. | Grain lbs. 
of Test. 
Whole Corn..-.------- 2 50 0.18 1.5 93° 
Common Barley... --- 2 33 0.25 1.6 6.1 


Since barley has given better results. than corn, and 
ground grain than unground, it is natural to expect what 
these tests show, that ground corn and ground common 
barley have given considerably better returns in growth 
and the cost of that growth than the whole corn. 


Ground Corn yersus Ground Bald Barley. 


2 pe Average’ |Food per lb. 
zw ge a | Daily Feed. | of Growth. 
¢ od es 
5 os 0g 
a Be ® a2) op 
f | 838 | ae am 
° Bs &: Q iS Q 3 
leu. He) =I Le} KR 
8 of. iss) es B £ 5 
® Frog Q B = =) i= 
Q RE = ~ & = ie 

Ground Corni-22- 225-2225 5- 0 -e22 5 63 0.55 2.6 0.8 5.6 0.9 
Ground Bald Barley-.------.------ 5 67 0.74 | 2.4 0.8 3.6 0.8 


— 
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The results speak very highly in favor of the good 
qualities of ground bald barley as a food for young pigs. 
We paid fifty cents per hundred pounds for this grain, 
and, allowing twenty-five cents per hundred pounds for 
the skimmilk, makes a cost of 2.2 cents for the food used 
in producing a pound of growth. When it is remem- 
bered that this was in cold weather, with scant shelter, 
it will be seen how strong a testimonial this is in favor of 


bald barley. 


Ground Corn versus Ground Common Barley. 


Pa oo Average Food per lb. 
Zz we g Daily Feed. | of Growth. 
B | ae | 2 
g | ge | 8 2 e 
So Ee s) A ay 5 ‘ae 
a a = p; H B = B 
8 eae’ a £. B £ B 
o reg i=] i= i=] aot 
wD az | ¥ = i = re 
coarse tt eae: Mel ee ed Oy 
2 re i=] . as “a + 
(Growad Cornet. ee oe os Soe 4 52 0.60 2.5 1.2 4.9 1.4 
Ground Common Barley-.-------- 4 47 0.70 2 11 4.3 1.1 


In the tests the previous years of corn and ground 
barley, the results had been equivalent. These were 
tests with large and nearly grown pigs, the object being 
to fatten them. In the present tests with young pigs 
to produce growth, the barley shows its superiority to 
the corn. Both these results are in accordance with the 
chemical analysis of the grains already given. The two 
grains are closely alike in heat and fat-producing ele- 
ments, while the common barley is better suited than 
corn to produce growth. It should be noted, however, 


that even here the results of the two grains are not 
greatly different. 
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Ground Corn yersus Ground Corn and Ground Common Barley, 

» oa Average Food per lb. 
Z| ge | g | Daily Feed. | of Growth, 
2) 8s | a 
SUS Nea ase bet a| = 
° B o 4 5 4 5 
ad 0G tes ~ 2 
= once & is 5 5 3 
A i is refed ged a ges fat 
Gi hp timer sr aan th toes eee fae 
i D B é ee eS 

st ; g @ 
3 ££) 0.697 2.4 VOLT B17 ale tS 
3 5310.84) (7 2.370, 0.8 0) sibel de 


The apparent results in favor of the mixed grain are 
due to the figures of only one of the three tests. The 
other two, give one slightly in favor of the corn, and the 
other slightly in favor of the mixture, the average being 


equivalent. 


Whole Bald Barley yersus Whole Common Barley. 


Whole Bald Barley------------.-- 


Whole Common: Barley----.------ 


ea Pb Average Food per lb. 
Z oe @ | Daily Feed. | of Growth. 
s © ey i 
PO er aie) 
S| egty fo fe 
Sel Ba bok | Bl Bile pee 
ee us fo) a © i=} © B 
ia OR. S ee =] E. 
Be oe OR hl ce ire Lea ante ee 
Be =e oa We ener eed 
5 82 0.41 2eQik, eaters Bib: Ue 
5 719 0.39 PAT dy Wea (6145$..9) fap 


In spite of the hardness of the bald barley grains, 
the pigs received enough nourishment from them te 
produce as much growth as the common barley and from 


a fifth less grain. 


Ground Bald Barley yersus Ground Common Barley. 


Ground Bald Barley----- Ne Pe 


Ground Common Barley ---------- 


» Average Food per lb. 
Z ge a | Daily Feed. | of Growth. 
Bi} es | 2 
$ Bj ® n n 
fy Be s) Q ae R ae 
° 5 o> 5 5 4 8 
oe ® lay f=, is 5 
bec iS) 2 < 5 B 5 5 

Fr ey ec = 
BRS teagan a 
i B 5 E 2 =u 

- : B B 
3 60 0.77 2.3 1.0 3.2 1.0 
3 50 0.68 2.7 0.8 5.0 0.6 
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This is the series of tests where both grains are at 
their best, and results confirm or are borne out by the 
chemical analyses, that bald barley is better adapted for 
‘ producing growth than the common barley. Bald barley 
grew a pound of pork at a cost of 2.1 cents for the food 
eaten; while the common barley required 2.8 cents’ 
worth of food. 

Three more comparisons could be made between the 
mixture of ground corn and ground common barley, on 
the one side, and, on the other side, either ground bald 
barley or ground common barley, or the average of the 
results from ground corn and ground common barley 
fed separately. 

Without going into the details of these comparisons, 
it may be said that the mixture of corn and barley has 
done better than ground common barley, and not so well 
as ground bald barley. Feeding corn and barley together 
has produced a quarter more growth on about a fifth 
less food than feeding the two grains separately. 


FEEDING TESTS WITH STEERS. 


During the winter of 1895-96 a test was made of 
feeding barley to steers, with and without beets, in com- 
parison with corn and wheat. Some of the figures from 
this test have already been printed in Bulletin No. 34, 
of this Station. Only that part of the test will be 
mentioned here that refers to the feeding of barley. 

There were four pens of steers. A weighed quantity 
of hay was given each day, and the amount left weighed. 
The column headed “hay” in the table means the amount 
actually eaten. All the barley fed was common barley 
and all the grains were ground before feeding. 
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Record of Steer Feeding. 


z | 
° tg nN N 
. ty ro 4 Sy = fa ees 
~ ° > 4 ® o 8. oS 
= & | g e $. ig 5 ob 
a) B es x a g Eacy BS 
5 ate % a 
1 9,195 2,334 237 756 155 8 
2 7,938 237 2,352 6,936 163 27 
3 8,898 2,574 76 37 
6 7,524 237 2,256 5,694 141 66 


Corn versus Barutey. A comparison of pens No. 1 
and No. 3 is a test of corn and barley, each fed without 
beets. The two lots ate nearly the same amount of hay 
and much the same of grain. The extra grain eaten 
by pen No. 3 just about balances the extra hay and a few 
beets fed to pen No. 1. The amount of food eaten and 
the market value of that food are about equal. The 
growth is decidedly in favor of corn. Not only did the 
corn make a larger growth, amounting to 79 pounds per 
head, but this growth was so much firmer that it shrank 
less in shipment. The corn-fed steers weighed on the 
market 124 pounds more per head than the barley-fed. 
The barley-fed steers began to show soon after they were 
put on to the feed that they were not doing so well as 
those having corn. They ate their food up clean and 
with a fairly good appetite, but always looked worse than 
their neighbors on corn. 

WHEAT AND BEETS VERSUS BARLEY AND Beets. The 
amount of beets fed in each case is not so much different, 
when taken in connection with the difference of grain, but 
that the results may be considered as due to the difference 
in the feeding value of the wheat and the barley. The 
wheat and beets give considerable more growth than the 
barley and beets. Just as the steers fed on barley alone 
shrink more than those on corn alone, so those on barley 
and beets shrink more than those on wheat and beets. In 
both cases the barley does not seem to make so hard flesh 
and fat as the corn or wheat. Judged by the weights on 
the market, the wheat and beets have made almost double 
the gain in live weight of the barley and beets. 
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BARLEY VERSUS BARLEY AND Berets. The steers on 
barley alone had 450 pounds more of hay, and the others 
1,646 pounds more of beets. To offset this thousand 
pounds of beets extra, the steers getting beets grew 
nearly twice as fast as those getting barley alone, gain- 
ing 141 pounds per head, while the barley-fed steers are 
gaining 76 pounds. The flesh made from beets is softer 
than that from grain. Those fed barley shrink 37 pounds 
in shipping; those having the beets in addition shrink 
66 pounds. On the market the steers having barley and 
beets weighed 75 pounds each above their weight in 
December; while the steers eating barley alone had 
gained only 86 pounds. ‘This extra growth upon the 
addition of the beets made a return of about three dollars 
per ton for the beets fed. 
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First Feeding Tests with Sheep. 


Winter of 1895-90. 


The tests with lambs during the winter of 1895-96 
included barley, corn, wheat, beets, and a mixture of 
barley and corn. All the grains were fed ground. There 
were 220 lambs used in the experiments, divided into 
lots of about 35 head each. 

There will be given here only those tests that relate 
more particularly to barley. 


Feeding Record per Head--January 8 to April 13. 


Pen Hay. | Barley. | Corn. | Wheat. | Beets. Gain in Weight 
| per Head. 
1 300 86 27 
2 294 86 28 
3 321 375 22 
4 227 77 218 26 
5 181 32 55 26 
6 191 82 56 26 


The gain in weight of the pen eating barley is one 
pound less, and the hay eaten six pounds more than the 
pen eating corn. In other words, the barley and corn are 
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very nearly equal in feeding value, with the advantage 
slightly in favor of corn. All these grains were ground 
and the barley used was the common barley. 

Barley gives about the same results as wheat and 
beets. If the extra shrinkage in shipping the sheep fed 
on beets could be taken into account, the results in favor 
of the barley would show more plainly. 

Barley does much better than beets alone. Ifa com-— 
parison is made of beets alone, and wheat with beets, and 
then the results worked back to a comparison of wheat 
and barley, it gives almost exactly the same feeding value — 
to each. Barley and corn fed separately have given a 
little better results than the two fed together. In the 
case of pens 5 and 6, barley was fed the first third, then 
barley and corn the second third of the time, ending with 
corn alone. The results were entirely unexpected. 
Theoretically this feed should give better results than 
either fed alone. Moreover, for the purpose of another 
experiment, pens 5 and 6 received a much better quality 
of hay than either pens 1 and 2. Nevertheless, the pens 
on the poor hay and the grain separately did better than 
on the good hay and the mixture of grain. 

The difference in the results is so slight as to show a 
substantial agreement in the feeding values of the three 
erains, barley, corn, and wheat. 


Second Feeding Test with Sheep. 


Winter of 1896-97. 


The largest trials we have made with sheep were 
those of 1896-97. There were 440 lambs used, divided 
into ten pens of about 45 head each. 

All the pens received alfalfa hay. The other feeds 
used were as follows:— 

Pen No. 1. Ground corn, beginning January 5, 
reaching one pound per day per head March 38, 14 
pounds April 17, and changed on April 27 to 14 pounds 
whole corn. 

Pen No. 2. Same, using ground bald barley until 
April 27, after that whole corn; but the quantity scarcely 
raised above a pound per head per day. 
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Pen No. 3. Same quantities and dates as pen No. 1, 
using whole bald barley, changing April 27 to whole corn. 

Pen No. 4.. Beginning January 5 on ground bald 
barley, changing February 16 to half ground bald barley 
and half ground corn, on March 380 to all ground corn, 
and on April 72 to whole corn. Quantities the same as 
in Pen No. 1. 

Pen No. 5. From November 19 to March 14, 4 
pounds per head per day of corn ensilage. Beginning 
March 6, ground corn added, reaching one pound per 
‘head per day March 16, raised to 1} pounds by April 15, 
and changed April 27 to 14 pounds whole corn. 

Pen No. 6. Began November 19 with whole corn, 
two ounces per day per head; raised gradually reaching 
one pound on March 3, to 14 pounds April 17, and con- 
tinued at this amount to May 17. 

Pen No. 7. Same as pen No. 6, “using ground corn 
and changing April 27-to whole corn. 

Pen No. 8. Same as pen No. 6, using whole common 
barley, changing April 27 to whole corn. 

Pen No. 9. Same as pen No. 6, using ground com- 
mon barley, changing April 27 to whole corn. 

Pen No. 10. Same as pen No. 6, using ground bald 
barley, but scarcely going above one pound per day per 
head, and changing April 27 to one pound whole corn. 

The experiment progressed nicely until March 31, 
when the grain fed began to be raised* above one pound 
per day per head. Pens Nos. 2 and 10, on ground barley, 
soon lost their appetite and got badly off-fed. Several 
lambs were taken sick and two died, apparently from in- 
digestion. The grain fed was at once lowered, and, in 
the course of two weeks, their appetite returned; but 
they would never take more than the pound of grain per 
head per day. Pen No. 9, on ground common barley, got 
off-fed when the quantity was raised, but after a few days 
came back all right and took their 14 pounds to the end 
of the test. The lambs on whole bald barley, whole 
common barley, and both whole corn and ground corn, 
came up easily to the 14 pounds and continued this to 
the end of the test. The explanation of these results 
seems to be that the bald barley contains so large an 
amount of gluten that, when ground, it gathered into a 
sticky mass; but, when fed whole, much of the grain 
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~ passed the animal unbroken and undigested and what was 
cracked was so mixed with the hay as to make no trouble. 
About one pound per head per day seemed to be the 
limit of the digestive powers of these lambs on ground 
bald barley. 

In the case of the ground common barley, analysis 
shows that it contained much less gluten than the bald 
barley, and in addition the hull would tend to keep the 
gluten grains from gathering into a mass. 

On account of the changes in feed and the trouble 
with the bald barley, it.seems best to divide the winter’s 
test into four periods. 

First Periop. NOvEMBER 19 To January 5. 
Pens 1 to 4 receive no grain. 
Pens 5 to 10 receive a small amount 
of grain. 
SECOND Pgeriop. JaNuany 5 To Aprit 6. 
All the pens receive grain up to one 
pound, 
THIRD PEriop. APRIL 6 TO APRIL 27. 
Pens 2, 9, and 10 more or less off-fed. 
Other pens raised to 14 pounds grain 
per day. 
FourtH Pertop. Aprit 27 To May 17. 
All] pens given whole corn. : 

The most reliable comparisons are those obtained 
from November 19 to April 6; but, in the case of the 
pens that had no trouble, the comparisons can be carried 
to April 27 or to May 17. 

The amounts of feed eaten and the gains in live 
weight are given in the following tables. The results 
are all calculated to 40 sheep in each pen. 


Preah at Pied yd ed ahd dt APRA ed el Su Med? 


BARLEY: 


Feeding Records November 19, 1896, to May 17, 1897. 


Pen 1. Pen 2. Pen 3 
See i 
QD : ie.) wo 
gol eo gene ie 
a |e | 2) mp | ael os | m Les] 3 
9 ARS ARE) @ | wy ® » oS | ° 
< Le ‘ D E a sl po ~ 
a iS) nea 3 me o 
Suit 3 1 5 @ ce 
Boiee as i 5 
| j | 
Nov. 19—Jan. 5----| 4,730 | 4,889 4,930 
Jan. 5—Apr. 6----| 9,687 | 2,555 10,295 | 2,502 10,273] 2.497 
Aprs 6—212.00.2-2). 1,640 1,010 1,349) 877 1,559 | 996 
Apr. 27—May 17....|_ 912 | 1,125 | 1,102 900 | 1,234 1,125 
Wotalss) 2a: 16,969, 3,565 | 1,125 | 17,635! 3,379 | 900 | 17,996] 3,493 | 1,125 
Ao 
Pen 4. Pen 5. Pen 6. 
lez} ip a QD 
> x 2 4 
Bol 3 | & Bile |e © 
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5 ch Q © = 2; Cc 
e*| 2] § Pee 1s S 
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i hs Rd eae 1,718 996 1,626 995 1,619 | 995 
Apr. 27~May 17.-.} 1,119 . 1.125 | 1,490 1,125 | 1,117 | 1,124 
Total se 17,442) 847 | 2,646 | 1,125 | 11,020/19,926| 2,056 | 1,125 | 15,570] 5,220 
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Total Peed November 19, 1896, 


to May 17, 1897. 


Pen Principal Grain Feed. Hay. Grain. | Ensilage. ntey 

Weight. 
1 Ground: Corn’: 22 otesee as 16,969 4,690 38 
2 Ground Bald Barley-----.---| 18,183 4,279 33 
3 Whole Bald Barley ---------- 17,996 4,618 38 
4 Ground Corn and Barley -.--| 17,442 4,618 37 
5 Ensilage and Ground Corn.-| 8,946 3,181 19,926 40 
6 Wihole Cornus ater. ge as a2 14,570 5,220 44 
7 Ground: Gorn) ::62o2e) ees: 15,216 5,176 | 42 
8 Whole Common Barley------ 16,856 5,173 40 
9 Ground Common Bartey ----| 15,637 5,047 38 
10 Ground Bald Barley-.--.----| 13,958 4,767 38 
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Gains in Weight. 


Live Weight. Gains in Live Weight. 
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10 43 52 74 81 22 2 5 31 33 7 38 


Light versus Heavy Feeding of Grain. 


Pens Nos. 1 to 4 were fed no grain during the first 
eight weeks of the winter, while pens Nos. 6 to 10 received 
no grain from the start. The amount of grain given was 
not large, only 9 pounds per lamb, but the growth made 
during these eight weeks shows the effect of even this 
small amount. Pens Nos. 1 to 4, average growing 6 
pounds per head; while pens Nos. 6 to 10 grow 9 pounds 
each. Three pounds of growth asa result of nine pounds 
of grain is making mutton at a very cheap rate. 

For the rest of the winter the grain feeding is not 
much different. Pens Nos. 1 to 4 receive 114 pounds of 
grain per head and pens Nos. 6 to 10 receive 116 pounds. 
Omitting pen No. 6 with a much greater gain, due toa 
different kind of feed, the two lots retain to the end this 
difference of three pounds’ gain in live weight. In other 
words, feeding nine pounds of grain in November and De- 
cember has given three pounds more of lamb to market in 
May. This represents a net profit of 15 cents per lamb, 


or nearly one-third of the profits of an ordinary winter’s 
work, 
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Whole Grain versus Ground Grain. 


Pens Nos. 7 and 9 received ground grain, while pens 
Nos. 6 and 8 received the same amount of the same kind 
of grain fed whole. From November 19 to April 6, while 
being fed these rations, pen No.6 gains 4 pounds per — 
head more than pen No. 7 and pen No. 8 gains 2 
pounds more. For the whole season the average is 2 
pounds per head in favor of the whole grain. Thus, the 
grinding of the grain was not only time and labor lost but 
was an actual detriment to the sheep. 


What Grain is Best for Sheep. : 


In previous years when corn has been fed in compari- 
son with wheat, the results have been the same. This 
year, in comparing corn with common barley and bald 
barley, the corn is far ahead. Whole corn fed to pen No: 
6 makes 4 pounds more of growth than whole commen 
barley with pen No. 8. Ground corn to pen No. 7 gives 4 
pounds more weight than ground common barley to pen 
No. 9. Corn makes 4 pounds more of growth than com- 
mon barley, whether weights are taken April 6 or May 17. 
| It may seem to some that this is attaching a great 
dea] of importance to a small amount of growth; that only 
four pounds difference in a whole winter’s feeding of 180 
days, is scarcely enough to show much difference in the 
feeding value of the various grains used. It must be re- 
membered, however, that these small differences in 
growth are what determine the profit or loss on the winter’s 
work. Lambs are fed here on a rather narrow margin. It 
one could be sure of paying all expenses and netting 30 
cents per lamb, above the market price of hay and grain 
fed, it would be considered worth trying, while 50 cents 
per head is counted as a good return. On this margin, the 
‘difference in the above results, between corn and common 
barley, represents half the net profits of the whole season. 

The comparisons of bald barley with the other feeds are 
not so easy or satisfactory. Bald barley contains so 
large an amount of gluten that the lambs could not han- 
dle more than a pound per head per day. It is necessary 
to make all comparisons with this grain before April 6, as 
after that date the lambs were more or less off feed and 


did poorly. 
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From November 19 to April 6, pen No. 2, on bald — 
barley, gains three pounds more than pen No. 1 on corn, 
and pen No. 10 on bald barley, gains one pound less than 
pen No.7 on corn. The average results are, therefore, 
nearly even, with a slight advantage in favor of bald bar- 
ley. It is well to notice here that, during this period, the 
larger and stronger lambs of pen No. 2 seemed better able 
to handle this rich bald barley than the smaller lambs of 
pen No. 10, gaining two pounds more on slightly less 
feed. The results indicate strongly the high feeding 
value of bald barley for lambs, but they just as strongly 
emphasize the great danger of overfeeding. It would be 
easy, from the figures already given, to construct a theory 
that the perfect feed would be bald barley at the beginn- 
ing andcornattheend. But, unfortunately for the theory, 
this is just what was tried with pen No. 4. The results 
up to April 6 are satisfactory, but the lambs did not re- 
spond to heavy feeding afterwards as those did that had 
received nothing but corn. 

It seems a fair conclusion from all the results that, 
while bald barley has as high a feeding value as corn, it is 
in no way superior to it. The comparison of bald barley 
and common barley is somewhat in favor of the bald bar- 
ley. The whole bald barley did decidedly better than 
the ground bald: barley, not because it really had any 
more feeding value, but because it could not gather into a 
sticky mass and clog digestion as did the ground grain. 
As a fact, a large amount of the bald barley fed whole 
passed throngh the lambs undigested, and still they did 
better on it than on the ground corn, or ground corn and 
ground bald barley. 


SUMMARY. 


Good crops of barley can be grown in Colorado if 
good land is used and attention given to proper irriga- 
tion. 

Malting barley does well in Colorado, but most of 
the barley grown in the State is used for feeding pur- 
poses. 

On the average, bald barleys have not yielded as 
many pounds of grain, i, e, as much animal food per 
acre as some of the common barleys. 


California barley has given the best yields on the 
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College Farm, an average of over a ton of grain per acre. 

Bald barley. has proved the best to grow in the 
mountains for grain or hay. 

Analysis of barley shows that both the common 
barley and the bald barley contain about the same amount 
of total animal food; that this amount is closely equiva- 
lent to the food material in wheat or corn, and more 
than in either bran or oats. 

Barley contains about the same elements to produce 
growth of bones and muscles in young animals as wheat, 
and more than in corn. 

Bald barley contains more bone and muscle produc- 
ing food than common barley. 

For the production of fat in fully grown animals, 
analysis shows bald barley, common barley, wheat and 
corn to be practically equivalent. 

Barley has been tested at the College Farm as feed 
for pigs, steers, and sheep. 

Ground common barley and whole corn, fed in mod- 
erate weather to pigs of a hundred pounds or more in 
weight, have produced the same amount of growth. 


\ 
Fed to Young Growing Pigs in Winter in Open Pens: 


1. Ground bald barley has done one-half better than 
whole bald barley. 

2. Ground corn has done one-fifth better than whole 
corn. 

3. Ground common barley has done one-twelfth 
better than whole common barley. 

4, Whole bald barley gave better results than whole 
corn as did also whole common barley. 

5. Ground bald barley made the most rapid growth 
of any of the feeds used and produced this growth on the 
least food. One pound of growth was made with 3.6 
pounds of grain and 0.8 quarts of skimmilk at a cost of 
2.2 cents for the food. 

6. Ground corn required one-half more food than 

‘ground bald barley to make a pound of growth. 

7. Ground corn and ground common barley had 
about the same feeding value, with the slight difference 
in favor of barley. 

8. Ground common barley required one-third more 

food for each pound of growth than ground bald barley. 
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9. Ground common barley and ground corn fed 
together have produced better results than the same 
grains fed separately. 


In the Feeding Tests With Steers 


1. Ground corn made considerably more growth than | 
ground common barley. This growth was also much 
firmer and shrank less in shipping. The difference be- 
tween the two amounted to the entire profits of the | 
feeding. 

2. Ground wheat and beets surpassed ground barley 
and beets in about the same proportion that the corn 
excelled the barley. 

3. Beets added to a ration of barley produced more 


growth, but only enough to return three dollars per ton 
for the beets fed. 


In the Feeding Tests With Lambs, 1895-6. 


1. Ground common barley and ground corn have 
given nearly equal results, with the slight advantage 
in favor of corn. 

2. The results of ground wheat and ground common 
barley have been almost identical. 

3. Barley and corn fed separately gave a little 
better results than the two fed together. 


In the Feeding Tests With Lambs, 1896-7. 


1. Giving grain from the start produced more and 
cheaper growth, than feeding six weeks on hay alone _be- 
fore giving grain. 

2. Whole grain yielded more rapid and cheaper 
growth than ground grain. 

8. Corn, whether ground or whole, gives ~ more 
growth than common barley, the difference in favor of. 
corn being greater than it was the year before. 

4. Bald barley made slightly more growth than corn 
when given in moderate feeds; but when the amount was 
raised above a pound per day per head, the lambs were 
unable to digest it and went off feed. 

5. Corn and bald barley mixed give no better re- 
sults than corn alone. 
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